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ABSTRACT

Advanced packaged technology devices are providing improved performance characteristics in
airborne, spaceborne, and land-based tactical military operations. Modern packaging technologies are
also contributing to improved commercial systems performance. With the proliferation of these
systems, their densely populated electromagnetic environments can result in electromagnetic
susceptibility threats from within the packaging as well as from external sources. As a consequence, it
is important that susceptibilities to electromagnetic environments be addressed early in the design and
that these considerations include packaging design as well as circuit design. This document is the final
scientnfic and technical report submitted under the Electromagnetic Effects on Advanced Packaging
contract F30602-94-C-0085. The puspose of this contract is to assist the U S Air Force Research
Laboratory Laboratory, Rome Research Site in determining electromagnetic effects on advanced
packaged devices and in determining evaluation models to identify, predict, and minimize
electromagnetic effects on the reliability of devices and systems. The work was performed at the
Boeing Space Center in Kent, Washington.
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1.0 INTRODUCTION

The Scientific and Technical Final Report is submitted to the Air Force Laboratory in
accordance with CLIN 002, CDRL A005, of contract F30602-94-C-0085 “Electromagnetic Effects on
Advanced Packaging” (EMEAP). The purpose is to describe the modeling and simulation that was
performed, the test fixture that was desigrred and fabricated, the testing that was performed, and to
report the results of the investigation performed under this contract.

1.1 Objective k

The objective of this study is to determine, through modeling and evaluation, the high
frequency electrical characteristics of several advanced packaged electronic devices and to discover
design approaches of advanced packaging that contribute to successful packaging design. Although
advanced technology devices provide improved performance characteristics, they also contribute to an
environment that can create electromagnetic susceptibility threats from within the packaging as well as
from external sources. It was also the objective of this study, to design and fabricate a conducted
interference test fixture and to utilize the test fixture in the evaluation phase of the contract.

1.2 Approach

The approach taken in this study was to select and procure two types of advanced packaged
devices, which were tested and modeled. Electrical models of the devices were created and electrical
simulation was performed on the models to determine their calculated response to various test
conditions. A test fixture, test adapters, and signal combiners were designed and fabricated. These
fixtures were used to test the two devices. The modeling data was then compared to the test results to
determine if the modeling and simulation had been correctly performed.

1.3 Summary

The Texas Instruments’ three-dimensional memory module (3DMM) and the Boeing
processor-memory module (PMM) were selected as the devices for analysis and evaluation. The test
device design data files were converted into representations of the physical devices and then into
electrical models of portions of the devices. Electrical simulation was performed using these models
and the results are presented. A test fixture, signal combiners and test adapters have been designed and

fabricated. Conducted susceptibility testing was performed on the 3DMM and the PMM. Susceptibility

levels were determined for several different package pins at 2 number of different test conditions. A list
of recommendations to be used during design of advanced packaged devices was developed and is

~ presented at the end of the report.



2.0 IDENTIFICATION OF CANDIDATE DEVICES AND TECHNOLOGIES

A number of advanced technologies for electronic packaging have emerged in recent years.
These include surface mount, multi-chip module, hybrid packaging, chip scale packaging, pin grid
array, ball grid array, flip-chip, tape automated bonding, and other types of high-density interconnect
packaging. The rapid advancement of packaging technologies has resulted in many new materials,
techniques, and processing methods. Circuit density and interconnect density have both increased as
designers try to put more circuitry into smaller areas. Digital devices, many of which require a large
number of pins to implement their functions, have driven many of the high density interconnect
package types. Various types of radio frequency devices have also utilized advanced packaging
techniques, which has enabled higher frequency operation than the dual-in-line packaging so common
throughout the packaging industry. In addition to different packaging techniques, there are different
packaging materials, which could impact susceptibility performance. Hybrid packaging, which
typically uses co-fired ceramic substrates with conductive inks or thick film construction techniques to
carry the signals, utilizes metal packages with welded seams and glass to metal lead seals for high
thermal conductivity and low moisture invasion. Ceramic packaging is also a relatively high thermal
conductive package with low moisture invasion properties. Plastics, although not as good as hybrid or
ceramic for either thermal or moisture properties, provide adequate physical protection and thermal
performance in many applications for cost-conscious customers.

A stacked (three-dimensional) memory module (3DMM) produced by Texas Instruments (TT)
and a processor-memory module (PMM) produced by Motorola and Boeing, were selected as the test
devices. The selection process was made after reviewing a large number of devices with advanced
packaging features. In addition to being fabricated using advanced packaging techniques, the selected
test devices were available at reasonable cost, and design data was available in a form that appeared to
support the modeling process.

2.1 Three Dimensional Memory Module (3DMM)

The 3DMM, which is shown in Figure 2.1-1, is a test unit specifically designed for the purpose
of structural durability testing. It contains three dimensional (3-D) memory technology used by TI’s
Defense Systems and Electronics Group to build high density, state-of-the-art, silicon-on-silicon multi-
chip modules, (MCMs). Each test unit includes two 3-D memory die stacks attached to a thin film
- multi-layer interconnect (substrate), which is also called the “die-re-route”. A Kovar hybrid package
was chosen to house the 3-D MCM to facilitate durability testing.

Each 3DMM die stack is made up of eight 1-megabit commercial dynamic random access
memory (DRAM) devices (TMS44C2560) made by the Texas Instruments Semiconductor Group. The
DRAM signals were extended to the long edge of the die using aluminum over titanium tungsten
(Ti:W/Al), polyimide, and gold over titanium tungsten (Ti:W/Au). On-chip rerouting and gold solder
bumps are added while the die is in wafer form. Tape automated bonding (TAB) is used to connect
individual die to gold plated copper TAB tape. After electrical testing, the die is excised from the TAB
tape frame and laminated together, eight at a time. The copper TAB leads extend from the bottom, as



Figure 2.1-1, Three Dimensional Memory Module (3DMM)

well as the top of the stacks. The bottom side leads are used to attach the die stack to the interconnect.
The topside leads are used for probing during failure analysis.

The interconnect is fabricated on a silicon wafer and consists of Ti:W/Al neutralization,
polyimide dielectric layers, nickel solder pads for 3-D stack attachment, Ti:W/Au pads for wire bonds,
and Ti:W/Au pads for capacitor mounts. The interconnect is designed to hold two 3-D die stacks and
two bypass capacitors. The interconnect design busses all 16 DRAMs together by connecting all like
signals except for the row address select (RAS) and column address select (CAS) signals. There are 49
signals routed to bond pads on two sides of the interconnect. The identification nomenclature for the
16 die is stack A or B, die 1 through 8. "

The substrate, with the 3-D die stack and decoupling capacitors, is attached using epoxy, to a
gold plated, Kovar, 50-pin, staggered lead bathtub package. A Kovar lid is welded to the package to




- complete the hermetic seal. Some of the mechanical details of this package are shown in Figure 2.1-2
and a layout of the substrate in shown in Figure 2.1-3. 3DMM Package pinout information, routing
information and a DRAM data sheet are shown in Appendix A. Gold wire bonds connect the substrate
pad to the package posts. The longer wire bonds to the outside posts are approximately 180 mils in
length. Although this exceeds Texas Instruments standard design practice, the focus of the development
of this device is to produce the 3-D stacks and their interconnects. All test units, except for humidity
test units, are hermetically sealed with a gold plated Kovar lid attached by seam welding. The humidity
test units are not hermetically sealed in order to simulate commercial type products.
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Figure 2.1-2: Mechanical details of the 3DMM package

2.2 Processor Memory Module (PMM)
The Processor Memory Module (PMM) was originally designed as a silicon-on-silicon MCM-
D (deposited) process that was developed by Boeing. The current PMM design is based upon
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Motorola's MCM-L (laminated) substrate technology. It is a multi-chip module that uses plastic
encapsulated integrated circuit dies. The signals from 130 critical internal test points are brought out
for external electrical testing. The PMM built-in-test (BIT) design will support fault isolation and
susceptibility diagnostics in electromagnetic effects testing. The PMM includes 7 static random access
memory chips, 7 flash memory chips, a processor and another application specific integrated circuit
(ASIC) chip. An expanded version of the device, called the “smart card PMM?”, includes additional
logic for troubleshooting and a 140 connection edge-card interface through which the memory could be
accessed without going through the ASIC and processor.

After acceptance testing of the “smart card” PMM, the portion of the circuit containing the
troubleshooting provisions would be cut off and the PMM could be mounted as a "j-lead" surface
mount package or in a Kovar hybrid package. The “smart card” PMM is shown in Figure 2.2-1. The
photo-plot images of the 8 layers that make up the PMM laminated substrate are shown at
approximately 155% of full size in Appendix B. Unfortunately, development of the PMM was cut short
and a complete PMM, including the processor and ASIC, utilizing the MCM-L substrate, was never
completed. A number of the memory-only PMMs, however, completed an extensive environmental
test, and these were made available for our use on this research contract.

Figure 2.2-1: “Smart card” PMM



3.0 MODELING AND SIMULATION

The task of modeling electromagnetic effects in devices such as the PMM and 3DMM is
composed of two separate sub-tasks. The first task is to model the passive portions of the devices,
which designers in the past have typically thought of as simply part of the packaging. These passives
include the pins, the circuit board traces, bond wires, package casing, etc. In this task the mechanisms
which transport both desired and undesired signals between the device components will be identified.

The second task is to predict how the active device components will respond to the signals they
receive. The task of modeling the coupling effects between signal paths can be performed by reducing
the effects of the packaging geometry into an equivalent electrical circuit, which can then be analyzed
using standard circuit analysis tools. The model thus created takes into account mutual and self
capacitances and inductances of all the circuit paths. With this model, one can analyze how signals
propagate between input pins and the active devices. There are a number of software tools available for
performing such analysis. The tools we utilized for modeling the packaging geometry of the PMM are
Ansoft’s Maxwell Multi-layer Interconnect Modeler (MIM) and Autodesk’s AutoCAD. The 3DMM
modeling effort used the Ansoft Maxwell software and Contec’s ContecPLANE software. It is
interesting to note that the tools used in both the PMM and the 3DMM modeling efforts to extract
electrical parameters from the geometry were unable to converge on solutions for models of somewhat
reduced complexity, let alone for detailed models of the entire structures.

The task of simulating circuit response is performed using MicroSim’s PSPICE® A/D, which is
capable of both analog and digital simulation. PSPICE is a variation of University of California
Berkeley’s SPICE (Simulation Program with Integrated Circuit Emphasis).

3.1 Modeling of the Processor-Memory Module

The susceptibility model we have developed requires an accurate model of the inductive and
capacitive parasitics of the input structure and its surrounding circuitry. The procedure used to extract
those electromagnetic parasitics, which subsequently results in a functional SPICE sub-circuit for use
in the continuing development of the final susceptibility model, is described below.

The level of accuracy needed for the susceptibility model requires a computer aided design
(CAD) layout of the MCM input structure. Because Maxwell's 3D Solid Model file (SLD) model
format is not directly compatible with most drawing file formats, two intermediate file formatting steps
were required before the final model could be created. The original design data base for the PMM
multi-chip module was not directly compatible with Boeing's suite of CAD tools, but we discovered
that if the files were in Gerber® file format, they could be read and converted into files that are
compatible with the existing drawing tools. Upon request, Motorola provided a Gerber®? file of the
surface layer of the PMM, which was converted to Drawing Interchange Format (DXF) format and
subsequently imported into AutoCAD. The intermediate translation steps were cumbersome and
tedious because of the need to fine-tune the model. But rather than detail the step-by-step model
creation process, we will detail the issues of using these tools to create valid EM models for use in
PSPICE or similar high level computer aided engineering (CAE) simulation tools.




Figure 3.1-1 shows several layers of a portion of the PMM. The complexity of the processor
interface unit (PIU) chip and its interconnect does not lend itself well to Finite Element Method (FEM)
modeling. This is due to fact that FEM processing time is directly proportional to the number of
meshed nodes required to describe the model mathematically. To reduce processing to a reasonable
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Figure 3.1-1: .Several Layers of a Portion of the PMM

amount of time, the model was simplified to that shown in Figure 3.1-2. The simplification was
intended to reduce CPU time by eliminating higher order effects that we expected to have minimal
impact on the model. The FEM solver (Maxwell) would not converge on a mesh solution for this
reduced complexity model, so the model was further simplified by removing most of the circuitry
surrounding the area of the bond pads as shown in Figure 3.1-3. This greatly simplified model was
finally able to converge on a mesh solution. Unfortunately, the portion of the PMM that was modeled
here is not the same portion that was tested on the conducted susceptibility test fixture. As described in
section 2.2, the development of the PMM was curtailed and a complete PMM, including the processor



Figure 3.1-2: Simplified Model of a Portion of the PMM

/ |

Figure 3.1-3: Further Simplified Model of a Portion of the PMM



and ASIC, was never completed. The PMMs we received were memory-only devices and did not have
the ASIC or controller installed.

Some modeling was done in SPICE to determine which device parameters affect sensitivity to
electromagnetic interference (EMI) and to quantify the results. A lumped element model of two traces
on the PMM was combined with a model of an input buffer composed of a pair of CMOS inverters. A
pulse with a nominal risetime of 0.2 ns was fed to one of the traces, which led to the input stage of the
buffer. A radio frequency (RF) source was placed on the other trace, which was assumed to be
terminated at the other end with a 50-ohm load. The ability of PSPICE to perform parametric analyses
on this model can be used to determine the sensitivity of the model to changes in any of the parameters.
In this modeling study, the gate width of the positive (PMOS) and negative (NMOS) channels in the
CMOS devices was allowed to vary by a factor of 0% to 10% (from 1.0 to 1.10). If both the PMOS and
the NMOS gate widths varied in the same direction, there was no net effect on the rise-time of the
output pulse. However, if the PMOS gate widths were allowed to increase while the NMOS gate widths
decreased, the risetime changed. This effect is illustrated in Figure 3.1-4. If the PMOS widths

NMOS - Widths/WidthParameter, PMOS - Widths*WidthParameter
WidthParameter Varying from 1.0 to 1.10

320p

310p

300p

290p

280p

270p

260p

100 1.02 1.04 1.06 1.08 1.10
WidthParameter

Figure 3.1-4: Simulation of Risetime vs. NMOS & PMOS Gate Width Parameter

decreased while the NMOS gate widths increased, a different pattern emerged. This is shown in Figure
3.1-5. In another modeling analysis performed on a similar PMM circuit, PSPICE was utilized to
examine variations in the input parameters. In this analysis the phase of the RF noise coming into the
device input was varied from 0° to 180° with respect to the digital signal leading to the buffer. A plot
of how the rise-time of the output pulse was affected by the changing phase is shown in Figure 3.1-6.
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NMOS Widths*WidthParameter, PMOS Widths/WidthParameter
262.4p WidthParameter Varying from 1 to 1.10
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Figure 3.1-5: Simulation of Risetime vs. NMOS & PMOS Gate Width Parameter

3.2 Modeling of the Three Dimensional Memory Module

The 3DMM, which is shown in Figure 2.1-1, has a very complex mechanical and electrical
structure. To extract its electrical equivalent model, the 3DMM was divided into five subsystem
elements: package pins, bond wires, substrate, die reroute, and die. To keep the model from becoming
overly complex, only selected signals were modeled. These signals included write enable (WE), data
in/data out line #3 (DQ3), the negative supply voltage (Vss), the positive supply voltage (Vcc),
Column-address strobe (CAS), and row-address strobe (RAS). Lines were modeled for four of the
sixteen die: 4A, 5A, 3B, and 6B. These signals were chosen because they were among the signals with
the longest trace lengths. A total of 12 signals on the substrate were modeled. An electrical equivalent
circuit for each subsystem was generated and then integrated into the final model.

Ansoft 2D was used to extract the parametrics of the package pins. Mutual inductance and
capacitance between the modeled package pins was assumed to be a second order effect and not
included in the model. The pins are 20 mils in diameter and 320 mils long and are made of Kovar.
Ansoft 2D was also used to extract the parametrics of the bond wires. The mutual terms were again
assumed to be a second order effect and were not included in the model. The bond wires are gold and
are 1 mil in diameter.

The substrate signals were modeled taking into account the interaction with the metal case. The
absence of a ground plane in the substrate makes the case an integral part of the way signals are
propagated in the system. The negative supply voltage (Vss) pin is also electrically connected to the
case. ContecPLANE was chosen as the modeling software because of its ability to model ground planes
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Figure 3.1-6: Risetime of an Inverter Gate vs. Phase Noise

as return paths, rather than simply 0-volt ground references. The software extracts resistance and
inductance only. Capacitance values were generated independently and integrated into the model. The
case was modeled as a solid sheet with 7 reference ports on the plane. These reference ports establish
the SPICE program nodes that are then hooked up to other segments of the circuit models. The lines, as
etched into the substrate, are 0.12 mils thick and are 8 mils wide for signal runs and 12 mils wide for
power runs. Figure 3.2-1 shows the top view of the substrate.

The die reroute is a polyimide based structure with two metal layers that route the die
input/output traces located on the short edges of the die to the bottom of the die for attachment to the
substrate. The Ansoft Maxwell EM software was used to extract the electrical parameters from this
structure. This structure has a number of parallel lines that have right angle bends that necessitated a 3-
D approach to modeling. The physical model was set up and an attempt was made to generate the
~ resistor-inductor-capacitor (RLC) matrix. After a number of unsuccessful attempts to run the model, it
was determined that the complexity of the model made the solution virtually impossible to accomplish
unless the model was simplified. At this point it was decided to concentrate only on signals that were
most critical to the memory operation. The signals chosen were Vcc, Vss, write enable (WE), CAS,
RAS, and DQ3. Vce and Vss were chosen because they are the power supply and ground reference.
WE, CAS, and RAS control critical timing on the die. DQ3 was chosen as a representative data line
because it is the longest data line and is farthest from ground. After simplifying the model, the software
was able to extract an RLC matrix. A PSPICE model was then generated for this geometry. Figure 3.2-
2 shows the Ansoft geometry model. '
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Figure 3.2-1: Circuit Layout of 3DMM Substrate
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Figure 3.2-2: Ansoft geometry model

The die were modeled using a very simple input gate arrangement for the four input signals
modeled on each die. Actual models for the Texas Instruments dynamic random access memory
(DRAM) are available only in TISPICE and are not compatible with PSPICE. The simple models
provided give a fairly accurate model for input impedance.

Although the frequencies of interest for this project extend to 18 GHz, the modeling software
used only gives a solution for one particular frequency. For this effort the problem was solved at three
frequencies: 100 MHz, 10 GHz, and 18 GHz. At these frequencies the resistance of the etched lines
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varies at approximately the inverse of the square root of the frequency. A separate PSPICE model was
generated for each of the frequencies under consideration.

The five subsystem models were integrated into the final PSPICE models for the 3DMM. Each
of the three PSPICE model files for 100 MHz, 10 GHz and 18 GHz, were arranged in similar fashion.
The nodes were named using a convention that distinguishes the five subsystems. The first section of
the files contains the various stimuli. These can be varied at the user's discretion depending on what
type of stimulus is necessary for simulating a particular noise input into the circuit. The next section
contains the input pin models, which includes a model of the pin for each of the 12 signals in the bond
wire section. These 12 signals are followed from the pin to the substrate. The nodes are referenced to
the nearest ground point on the package. The next section is the sub-circuit for the substrate and case,
which contains 57 nodes. The first 7 nodes are Vss nodes. These connect the Vss input at the substrate
to the 4 memory die in the model and the 2 capacitors. The next 7 nodes are the Ve nodes and they are
hooked up like the Vss nodes. The next group of 7 nodes are the ground references to the case. The
remainder of the nodes is the various WE, CAS, RAS, and DQ3 lines that are routed to the memory die.
The next section is the die overlay model. The Vss and Vcc inputs have two connections at the
substrate interface and one at each die. This provides a lower resistance parallel path to the die. The
next section is the memory die, and it is composed of 4 input gates per die along with Vce and Vss
connections. The gates are inverting so that the output can be monitored for upset. The last section
includes the various commands for analysis and probing. The “.INC” statement references the substrate
subcircuit and should be changed to the path name where this file is located. The “TRAN” and “.AC”
lines can also be changed or commented out depending on the type of analysis being performed.

The input stages of the active devices from the Texas Instruments 3DMM are the only PSPICE
models that were created under this effort. A number of different input stimuli can be applied to the
circuit, depending on the type of electromagnetic interference studies being conducted. For this report a
limited number of stimuli were applied. The analysis focused on a 1-volt noise source, applied from
100 MHz to 20 GHz, entering the package data line DQ3. Figure 3.2-3 shows the voltage level of the
signal DQ3_6BD, which is the memory die 6B pad, and it has virtually no attenuation at 100 MHz. An
AC PSPICE run was also made at three frequencies, 100 MHz, 10 GHz and 18 GHz, so the response
can be seen in finer detail. Figures 3.2-4, 3.2-5, and 3.2-6 show the voltage level of the signal
DQ3_6BD, which is at the memory die 6B pad, at those three frequencies. Figure 3.2-4 shows virtually
no attenuation at 100 MHz. It would be expected any noise in this frequency range would be seen at
full voltage at the die. Figure 3.2-5 shows the response in the 10 GHz frequency range, where the 1 volt
signal on DQ3 is attenuated by roughly 60% (-4 dB) as it progresses through the package. The signal at
the die is actually of greater magnitude than the signal on the substrate. This may possibly be a
resonance on the memory overlay circuitry. Figure 3.2-6 shows the signal at the 18 GHz, where the
signal at the die is only about 100 microvolts (40 dB down from the original signal).

The conclusions we reach from this simulation are the following: For upset to occur at the die,
noise signals of sufficient amplitude must be propagated from outside the package through the internal
circuitry and onto the die. For TTL level logic, this voltage is generally considered to be 0.8 volts. The
package geometry will transfer energy very well at the 100 MHz frequency range. A signal level of 0.8
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volts is normally large enough to cause upset at the die level. Even at 10 GHz the level of noise
transferred to the die is significant, only 4 dB down. A 1-volt signal would be of sufficient amplitude to
cause noise concerns. But at 18 GHz the level of noise would have to be 4000 Volts to propagate a 0.8
volt signal to the die. The frequencies most likely to cause significant problems would be in the 100
MHz to 10 GHz region at amplitudes of 0.8 to 1 volt. Signals at 18 GHz would be sufficiently
attenuated by the package parasitics and should not pose a problem to the packaged devices unless the
package was being exposed to extremely high voltage signals.

3.3 Modeling Summary

A number of things were discovered in the process of modeling and attempting to model the
two electronic test devices chosen for this program. We thought we were using the latest revisions of
most software, but in some cases we did not, and this may have caused some of the problems that we
experienced. In the case of the Auto-Cad, our copy was somewhat dated, and its output was not directly
compatible with Ansosft Maxwell, but required an intermediate translation before the data could be
used by Maxwell. The newer Windows version of Auto-Cad was compatible with Ansoft Maxwel and
would have allowed us to eliminate the time-consuming translation step. When attempting to model the
electronic devices, the electronic design data was available to us, but it was not in the form that was
required as an input to the modeling program. The modeling program we were using, Ansoft Maxwell,
did not have a very friendly user interface. A front-end processor that would allow data of different
formats such as DXF, Gerber, etc. would have alleviated this problem. We also discovered, in our
attempts to simulate the behavior of the advanced packaged devices, that the modeling software was
not able to do what it promised to do, or at least what we expected it to do. For instance, because of the
thin copper and dielectric structures involved in the multi-layer laminated circuit boards of the PMM,
the aspect ratio (length vs. depth) of the structures was so high that the mesh granularity had to be very
small, which made the 3-dimensional mesh structures extremely large. The modeling program never
could converge on a solution until the size of the mesh was reduced to the point that the circuit
elements were nearly trivial in scope. In reference 6 Howard Johnson, a well-known author of digital
design and electromagnetic compatibility (EMC) related work, says that real-life EMI problems are
much too complex for even the best software tools. We found this to be the case, especially in the area
of converting a physical model to an electrical model. In retrospect, too much time was spent trying to
integrate the various parts of the modeling and simulation part of the contract. Mr. Johnson also
recommends that: 1) because the process involves 3D wave simulation (or modeling) over a large area,
the computer will spend a lot of time to get even the most rudimentary results; 2) every bit of metal in
the product matters, and many times the parts we might exclude in our model may turn out to be the
ones that create the worst EMI headaches; and 3) because EMI is a strong function of switching speed,
data patterns, and precise data timing, we would have to model any software that is running, including
all possible combinations of software interaction.
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4.0 CONDUCTED SUSCEPTIBILITY TESTING

Conducted susceptibility testing of the 3DMM and PMM was performed in the Boeing parts
test laboratory in Kent Washington. The testing was conducted using an Advantech T3381 automated
test system, the EMEAP test fixture and signal combiners described in sections 6 and 7, and general
purpose test equipment. The Advantech T3381 is a digital integrated circuit test system. It contains 192
digital signal channels, 4 precision power supplies and an algorithmic pattern generator for testing
memory devices at frequencies to 100 MHz (200 MHz multiplexed). The major parts of the Advantech
T3381 are the processing unit, test head, and operator control interface. The processing unit consists of
9 full height racks of computing equipment. The operator control interface consists of a control and
display panel on the test head, and a workstation terminal for programming, program execution, and
status display. The test head contains the driver and receiver circuits that are necessary to interface to a
multitude of different test devices, and it also performs preliminary processing of the test signals.
Different test devices may be accommodated on the Advantech test head through the use of different
test adapter boards. The test adapter boards make electrical contact with spring loaded pins in the test
head. Two Advantech test adapter boards were customized for the 3DMM and the PMM by connecting
test sockets and cables to the boards. These modified test adapter boards can be used to test the 3DMM
and PMM directly or to test them through the EMEARP test fixture.

The 3DMM and PMM were tested by the Advantech before being subjected to conducted
susceptibility testing in the EMEAP test fixture. In addition to the test hardware, general-purpose test
equipment and test software are required to set up the Advantech to run a particular test and to provide
test power to the signal combiners and RF test signals to the devices under test. The general purpose
test equipment used for both the 3DMM and PMM tests are listed in Figure 4.0-1. The test software
sets up the proper connections through the test adapter board to the test article, sets up the clock speed,
and determines the signals that will be sent and monitored. After sending the appropriate signals, the
Advantech will then place some of its signal lines into the listen mode and wait for correct signals to be
received. For example, after sending a read signal with the appropriate chip select and addressing
commands, it will be set up as a receiver to read the contents of a particular meinory location. Figure
4.0-2 shows the Advantech test head, the Advantech test adapter board, the EMEAP test fixture, and
some general-purpose test equipment during testing the PMM. The instructions for operating the
EMEAP test fixture are given in Appendix C.

4.1 Testing of the 3DMM

The 3DMM test sequentially evaluates each of the 16 dynamic random access memory
(DRAM) chips it contains. It tests one of the chips by holding all except one pair of the row address
and column address signals inactive. When refresh cycles are required, all 16 DRAM are refreshed
simultaneously. For each DRAM, the T3381 applies a memory test algorithm known as MATS++,
which detects all possible address decoder faults, stuck-at (X) faults, and transition faults. A 50-pin
quad in-line connector and cable assembly was soldered to an Advantech test adapter board to be able
to test the PMM.
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A test program was written for the 3DMM, and a program listing is contained in Appendix D,
pages D1 through D19. The pin-out for the test is shown on pages D20 and D21. A subroutine, MATS,
which is called a number of times in the main program, is listed in pages D22 to D38. The program is
written in Fortran-like code that is proprietary to Advantech. Once the test program was ready, the
3DMM was inserted into the socket in the Advantech test adapter and tested. It passed most of the tests

. at a clock speed of 2.5 MHz. This is the first time we have tested the 3DMM, and our test engineer
discovered that one of the 16 chips in the module did not respond. We had in our possession 3 good
3DMM s and 2 that were suspected to be bad, and all 5 of those showed that the chip select connection

EMEAP Susceptibility
Test Equipment Log
Test Articles:  3DMM & PMM Part No.:
EWA No.: Serial No.:
Control Doc.: Test:
Model Description Manufacturer BEHC Number | Cal. Date | Verify
Number
436A Power Meter HP 10218482 6/22/98 | X
8116A Pulse/Function Generator HP 30254345 4/1/98 X
1277H09 | TWT Amplifier Hughes 30245836 6/7/91 X
F000 _
20C4.0- TWT Amplifier Alto Scientific Co 10321651 NC
8.0Q60
VZS6951 | TWT Amplifier Varian 10569920 NC
F2 ’
HR-40-10 | Power Supply Systron Donner | 30245398 NC
HR-40-10 | Power Supply Systron Donner 10239564 NC
8341B Synthesized Sweep HP 30255951 6/21/98 X
Generator
8482A Power Sensor HP 07183094 6/6/97 X
8481A Power Sensor HP 02011896 726197 | X
8491B Attenuator, 10 dB HP 02003748 12/20/98 | X
8491A Attenuator, 6 dB HP 1X734757 5-9-98 X
8491/ Attenuator, 6 dB HP 02010998 519197 | X

Figure 4.0-1: General Purpose Test Equipment used for 3DMM and PMM Tests
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Figure 4.0-2: Photograph of Advantech Test Head During PMM Test

to memory chip “8B” was open. It is also interesting that one of the modules given to us and assumed
to be non-functional actually works fine. Because of the non-functional memory chip, the test program
was modified to test only the 15 good memory chips.

After the 3DMM test program was modified to account for the bad connection in the 3DMM,
the EMEAP test fixture was placed on top of the Advantech test head and test adapter board. The
EMEAP test fixture was connected to the test adapter board using a cable that was fabricated for that
purpose. The 3DMM was plugged into the top of the test fixture, all of the through-signal adapters were
attached to the test fixture, and the test program was run again. The test program failed at 2.5 MHz, and
after several tries at frequencies below 2.5 MHz, the test passed at a clock speed of 500 kHz, which
became the test frequency for the 3DMM when tested in the EMEAP test fixture.
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Once the test program ran with the test fixture in place, we selected a signal line to test. For the
modeling simulation of the 3DMM performed at Texas Instruments, data line #3 (DQ3) was modeled.
In order to do a comparison between the simulation and the test, we tested the same data line. DQ3
comes from package pin 31 and goes to all 16 chips. We inserted a diplexer signal combiner into the
EMEAP test fixture in series with this signal, and verified correct operation of the test program with no
external RF signal applied. The output from an HP 8341B RF signal generator was then connected to
the interfering signal input of the diplexer, and a 1 GHz signal was applied to the test article. The RF
power level was increased until the signal generator’s maximum output of 100 mw (+20 dBm) at 1
GHz was reached, and the test still passed. We added a TWT amplifier to the signal generator output
and increased the signal level until the 3DMM test failed. After additional testing it appeared that the
test would pass at an RF signal level of +25 dBm (about 0.32 Watt) and below and fail at an RF signal
level of +26 dBm (about 0.4 Watt) and above at 1 GHz. The RF power was removed from DQ3 and a
high power operational amplifier combiner was placed in series with the Vcc line, which is package pin
38. We used a 1 MHz sine wave for the interfering frequency, monitored the interfering signal at the
test fixture input pin using an oscilloscope, and the voltage of the interfering signal was increased until
the 3DMM failed its test. The test failure occurred at about 2.4V peak-to-peak (p-p) (1.2 V peak) above
the 5 volt Vcc power supply voltage, while the test passed at 2.0 V p-p.

The interfering signal to the power supply line was turned off, and the 1 GHz interfering signal
to DQ3 was energized again. We established the susceptibility level for DQ3 as +30 dBm (1 Watt RF)
then reduced the RF power to +29 dBm at DQ3. This is about 5 dB higher than indicated by the first
test. This difference could have been due to insufficient warm-up time for the equipment or the tester.
Then we energized a 1 MHz interfering signal on the Vcc pin. With the RF power on DQ3 at +29 dBm
the test failed if the 1 MHz signal on the Vcc was more than approximately 200 mv. RF power at DQ3
was reduced to +28 dBm and test failed when the interfering signal on Vcc was approximately 900 mv.
With RF power to DQ3 lowered to +27 dBm the susceptibility level of the Vcc power supply was now
approximately 1500 mv. The results of this testing are shown in Figure 4.1-1. As a result of this testing,
it appears that the effect of separate sources of electromagnetic energy on this test device is somewhat
cumulative, especially if there is coupling between the circuits. Because the Vcc powers every active -
circuit in the test device, noise or an interfering signal on the Vcc line should couple to the data lines. If
an interfering signal is being impressed upon a circuit, but the signal level is below its susceptibility
level, an interfering signal that is impressed upon another circuit, which is also below its susceptibility
level, might be strong enough to cause device upset. In effect, each signal is below it’s normal
susceptibility level, but the cumulative effect is likely to result in susceptibility.

Once this testing was completed, additional testing was performed at lower frequencies in an
attempt to validate some of the modeling and circuit simulation that had been done. Testing was done
on line DQ3 with the diplexer signal combiner at frequencies between 100 KHz and 700 KHz. At 100
KHz the test just failed at 31.3 dBm, and at 200 KHz we did not experience any failures at power levels
as high as +43 dBm (20 Watts). At 500 KHz the test failed at +32.8 dBm and at 700 MHz it passed at
power levels as high as +43 dBm. Then we switched to a high-speed operational amplifier combiner
and at 50 KHz with a +41 dBm signal the test passed, which means that we found no susceptibility at
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Figure 4.1-1: Susceptibility Level of 2-Signal Test on 3DMM

that power level. The test data sheets from the 3DMM conducted susceptibility testing are shown in
Appendix E. The results of this testing are summarized in paragraph 4.3.

4.2 Testing of the PMM

A 140-pin edge-board connector and cable assembly was soldered to an Advantech test adapter
board to be able to test the PMM. A test program has been written for the PMM, and a program listing
is contained in Appendix F. To check out the PMM by itself, the test adapter board was placed on the
Advantech test head and the test program was run. After a successful test was achieved, the EMEAP
test fixture was placed on top of the Advantech test head and test adapter board, and the test cable was
plugged into the bottom of the EMEAP test adapter. The EMEAP test fixture was prepared for the test
by plugging one of the three sets of EMEAP test adapters into the top and bottom boards of the test
fixture. The PMM was plugged into the top test adapter, and the general-purpose test equipment was
added as required. Figure 4.2-1 shows the Advantech test head, the Advantech test adapter board, the
EMEARP test fixture, and the PMM sitting in its test adapter board on top of the test fixture.

The PMM test sequentially evaluates each of the 7 static random access memory (SRAM)
chips and 2 groups of the 7 Flash electrically programmable read only memory (EPROM) chips.
Isolation of a test failure to a single SRAM or EPROM is complicated by the fact that the interface
control signals are common among all 7 devices of each type. Therefore, the chips could not be
operated individually. Fault isolation to a single SRAM was accomplished by holding the data input
lines at the "erased” level for 6 devices, while testing the seventh. The SRAM devices were tested using
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Figure 4.2-1: EMEAP Test Fixture in Test on the Advantech test head

a simple pattern that detects basic functional and interconnect problems. The Flash EPROM devices,
due to long erase and write times, were tested with an erase-write-read sequence on 3 or 4 devices at a
time, in two passes, using inverted data on the second pass. The test program data was encoded to
enable identification of a failing device. The test frequency was 1.0 MHz for the SRAM and for
EPROM read tests.

As a first step in testing the PMM in the EMEAP test fixture, the PMM was placed in the
socket of the Advantech adapter board. The PMM test was run to make sure the test adapter is properly
seated onto the test head and the PMM is properly seated in its socket. Then the PMM was removed
from the socket, the EMEARP test fixture was placed on top of the Advantech test head and the modified
Advantech test adapter board, and the test fixture was connected to the Advantech test adapter socket.
One of the adapter sets described in paragraph 6.2 is used to adapt the PMM to the test fixture. The

24



PMM was plugged into the top of the test fixture, all of the through-signal adapters were attached to the
test fixture, and the test program was run again. The test program was successful, and we did not have
to reduce the clock speed of the PMM test, which was run at 1.0 MHz.

After the test program passed with the EMEAP test fixture in place, we selected a signal line to
test. The line chosen was MPER13, PMM pin 33, which is a data line that goes to both static random
access memory (SRAM) and the flash RAM. At 1 GHz the test passes at +30 dBm and fails at +31
dBm, so the susceptibility level would be +31 dBm. At2 GHz the test passed with interfering signals as
high as 2 watts (+33 dBm). We tested for susceptibility at a number of other frequencies between and 1
and 2 GHz and the frequency dependent susceptibility is plotted in Figure 4.2-2. Then we moved the
diplexer to another data line, MD13, which is on package pin 49. The susceptibility of MD13, which is
somewhat different from that of MPER13, is shown in Figure 4.2-3. This indicates that different
circuits have different electrical characteristics, especially in terms of their susceptibility to interfering
signals.

Signal (dB)

0 0.5 1 1.5 2
Frequency (GHz)

Figure 4.2-2: PMM Test Results, MPER13 (Pin33)

Once this initial testing was completed, we performed testing from 100 MHz to 7 GHz as we
attempted to find the susceptibility points at a number of frequencies. This testing was performed on
MPER13. The results are shown in Figure 4.2-4, and are displayed in dB across the frequency band
from 100 MHz to 7 GHz. With 20 watts of output power we were not able to make the test fail at 2
GHz and above. This correlates roughly with the results of the modeling. The test data sheets from the
PMM testing are shown in Appendix G.
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Figure 4.2-3: PMM Test Results, MD13 (Pin 49)

Power (dB)

Frequency (MHz)

—e— Test Fail
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Figure 4.2-4: PMM Test Results, MPER13 (Pin 33)

26




4.3 Susceptibility Test Results

While performing the conducted susceptibility testing we were able to find susceptibility in
both the 3DMM and the PMM to interfering signals at various frequencies and signal strength levels.
Because there were simulation results for the 3DMM, we were able to compare the results of the
simulation to the test results. Figure 3.2-3 shows that a simulated 1-volt signal will cause noise
concerns at 550 MHz, just above 1.0 GHz, and at 5.5 GHz, on data line DQ3 of the 3DMM. There are
also a number of areas above 1.5 GHz where a signal would have to be quite strong to interfere with
operation of the device. A test was performed on the 3DMM at 100 MHz on the positive power supply
line, Vcc, and we determined that a 1.2-volt signal on the power line would cause the test device to
cease its normal operation. However, testing performed on data line DQ3 with a 100 MHz signal
showed that the data line is much less susceptible to interference than was indicated in the simulation.
We also performed two-signal sensitivity testing on the 3DMM and found interesting results for the test
condition of a 1 GHz interfering signal being fed to a data line and a 1 MHz signal being fed to the
power supply line. We found that if one interfering signal were very near its susceptibility threshold, a
weak interfering signal applied to the other input would result in failure of the device to operate. We
don’t think that there is a simple linear relationship for the susceptibility of the two interfering signals,
but there is definitely a relationship between two or more interfering signals and their susceptibility
thresholds. o

The simulation of the PMM did not proceed far enough to produce simulation data to compare
with the test data, but through testing we found that the data inputs were sensitive to external RF
energy. We tested two different data lines on the PMM over a wide range of frequencies and found that
both were susceptible to the interfering signal, but they did behave differently. This indicates that there
are different coupling factors between different pairs of adjacent lines or that the input gates react
differently to externally applied interfering signals. An interesting design detail of the PMM is that the
Ve (DC power supply) line and the flash EPROM programming voltage line do not go through the
PMM 140 pin edge connector but are fed through an externally supplied wire. Because of this, we were
not able to perform susceptibility testing on the PMM power lines.

5.0 DESIGN RECOMMENDATIONS

This section contains a list of recommendations for the design of advanced packaged devices.
The recommendations were obtained, partially through observations made during the fulfillment of this
contract, and partially through experience that has been accumulated in working with electromagnetic
phenomena. These recommendations were not validated because it was not possible for us to have the
test articles modified to determine if there was any change in performance.

In the process of writing these recommendations we also talked to a number of application
specific integrated circuit (ASIC) and packaging designers and asked about their design process. We
found that each designer seemed to have his own well-organized set of rules and procedures that they
use in their design work. Several project groups use a proprietary high-speed electronic packaging
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design handbook, but all the rules and guidelines found therein were obtained from the sources
referenced in section 9 or through extrapolation of data in those sources. The designers also reference a
number of design texts that have become de-facto design standards, and many of these appear in the
references. In addition to these guidelines, each substrate manufacturer has their own set of rules that
must be followed to ensure manufacturability and overall performance of the substrate. Many of these
rules affect the electrical performance of their design and will help avoid EMC problems.

We also found that the microwave frequency designers have at their disposal many
sophisticated design and analysis tools that were not available just a few years ago. Several of these
tools are EESOF Libra, HP Microwave Design System (version 7), HP Advanced Design System,
Cadence Spectre RF and Spectre HDL, Mentor Accusim, HP Momentum, and Sonnet EM. Included in
these tools are layout libraries of standard shapes or parts, design and layout tools, circuit simulators,
electromagnetic simulators, and field wave solvers. These tools will help the designer analyze and
optimize the circuits as well as help them avoid potential EMC problems. In the packaging design stage
many designs are analyzed using a three-dimensional circuit simulator. The use of these design tools is
probably the biggest aid in proper design of advanced packaged devices, because the tool will help the
designer find and eliminate problems with cross-talk, signal reflection, ground-bounce, and other RF
circuit maladies that could lead to adverse EMC situations.

Following this paragraph is a list of additional recommendations to apply in the design of
advanced packaged devices. Before applying the recommendations, the designer needs to determine if
the circuit or system is in the high-speed region, where EMC related problems might surface. 8 MHz
appears to be the dividing line between high speed and low speed digital systems. Digital devices
typically used at or above this frequency tend to have fast transition times, and will require more
careful attention to RF design that will those that operate below 8 MHz. High-speed conditions will
also be present if the edge transition time of a device is faster than 2 times the propagation delay across
the device. Analog or digital systems operated below this frequency will generally require less attention
to design detail. Remember also that the bandwidth of a signal is not the clock frequency, but is
approximately the 5th harmonic of the signal. For typical high-speed digital devices, the signal rise-
time = .07 X the clock period.

For high-speed systems, especially those to be designed using advanced packaging techniques,
we would recommend the following:

1) Controlled impedance printed wiring boards must be used for all high-speed systems.

2) For controlled impedance printed wiring boards, hold the manufacturing tolerances of the
finished board impedance to +/- 10% of the design values.

3) The maximum allowable length of an impedance discontinuity, including multiple short
discontinuities, is 0.8”.

4) Design circuit board so that traces will result in unloaded impedance levels of approximately

45 to 55 ohms for strip-line and dual strip-line layers and 55 to 80 ohms for microstrip and
buried microstrip layers to keep in-plane crosstalk low.

5) Allocate the layer stack-up of a multi-level board with no more than 2 signal layers between
reference planes.
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6)
7)
8)
9)
10)
11)
12)
13)
14)

15)
16)

17)
18)
19)
20)
21)
22)
23)
24)
25)
26)
27)

28)

Define layer stack-up to optimize return paths as well as signal isolation.

Use ground planes and power planes to minimize loop area for de-coupling.

Ground and power planes must remain continuous over their entire surface to prevent noise
generation due to high impedance in the return path.

Separate return path planes may be necessary for mixed signal (analog/digital) printed wiring
boards.

The length of a conducting line should be less than 1/10 wavelength of the highest frequency
component of the signal. '
Limit crosstalk to 5% of Vce or 50% of the noise margin through proper design.

Signal lines, especially clock signals, need to be properly terminated to eliminate reflections.
Use series termination wherever possible (except for bipolar devices) for simplicity and
reduced power consumption.

Locate series termination as close as possible to the output pin of the device which drives the
net (0.8 inches for 1 ns designs).

Locate the load termination so that the terminator is the last device on the net.

De-couple all active devices through the use of low ESL surface mounted capacitors that are no
more than 0.1” away from the power pin.

Size the de-coupling capacitors based on transient current required during simultaneous
switching of the semiconductor devices.

Routing of adjacent signal layers must be orthogonal to eliminate broadside cross-talk.

Route all critical nets in equivalent impedance layer pairs to reduce mis-matches..

Route all nets by shortest possible means without resorting to branching.

Route data and address busses on signal layers that are on opposing sides of reference planes.
Critical nets should traverse no more than two layers.

The maximum number of vias (not including component lead vias) between two component
leads is two.

Allow at least one ground pin, symmetrically spaced, for every exght signal pins for board-to-
board connectors

Each power pin in a connector should have a ground pin immediately adjacent to it to reduce
inductive loop area.

If high isolation must be maintained through a connector without using coaxial cable, signals
should be surrounded on four sides by reference pins.

Liberal assignment of ground pins throughout connectors will reduce high frequency loop area
as well as provide some shielding against RF radiation and susceptibility.

All clock signals pass through a board-to-board connector should be guarded on each side by
ground or power pins.
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6.0 TEST FIXTURE DEVELOPMENT

This section describes the design, fabrication, and acceptance testing of the conducted mode
test fixture, which was developed as part of this contract. Development of the signal combiners, which
are used in conjunction with the test fixture, is described in section 7.0. The test concept was developed
for a conducted interference test fixture that would be able to test, as a minimum, the 3-D memory
module (3DMM) and the processor memory module (PMM). But the test fixture that was developed
had other features that would make it suitable, with some adaptation, to test a number of advanced
technology devices. Test fixture development includes design, fabrication, and acceptance test of the
test fixture. '

The initial development of the test fixture was focused on the 3DMM and a fully functional
version of the PMM. The 3DMM package has 50 pins, and only one of those pins is not connected to a
signal or power/ground line. The test interface to the PMM was through an 80-pin interface. However,
when development of the full PMM was suspended, we found that access to the memory portion of the
PMM was through a 140-pin “edge-board” connector, of which 119 were signal, power, or ground
lines. In short, we needed to design a test fixture that would accommodate approximately 120 signals,
either directly through the test fixture or through test adapter bypass circuits.

We were not able to find a single purpose combiner that was able to support conducted
interference tests over a very wide frequency range and at high RF power levels. Therefore, we decided
upon a plug-in signal interface that would allow different signal combiners to be used with the test
fixture. After performing a number of trade studies an octagonal test fixture, with 40 signals that pass
directly through it, was selected. Different test adapters with signal bypasses and a method to bypass
the main test fixture make it possible to test the 50 pin 3DMM and the 140 pin PMM. The development
of these signal combiners is given in section 4.0.

We chose an automated tester as our instrumentation baseline in order to adequately
characterize devices of the complexity of the PMM and 3DMM. Our test fixture and the signal
combiners perform the function of a test break-out unit, located between the automatic tester and the
test device, which will allow us to insert interfering RF signals into the signal, power, or ground traces
of the device under test.

6.1 Test Fixture Concept Development

Based upon the connector interface of the two parts we have chosen for the test program, we
began several different test fixture configurations to determine the optimum layout. The block diagram
of the test fixture is shown in Figure 6.1-1, and it shows the major elements of the tester, including
signal routing. The first test fixture concept that was pursued was a single board flat fixture with a
physical layout similar to that shown in Figure 6.1-2. The device under test plugs into a socket in one
end of the fixture, the umbilical from the automatic tester plugs into the other, and plug-in signal
combiners would be plugged into sockets on both the top and bottom sides of the fixture. Because the
plug-in signal combiners were to be arranged in a matrix layout, the RF signal traces from the lower
combiners to the test device might be as much as 8” longer than the traces from the top row of
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Figure 6.1-1: Block Diagram of the Test Fixture
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combiners. This would cause unequal RF losses between the various signals and it would be difficult to
determine true RF susceptibility levels.

Because of the poor RF performance of the flat fixture we determined that a cylindrical fixture,
with connector pairs on the edges of the cylinder for insertion of plug-in signal combiners, would give
better performance. An isometric view of this fixture concept is shown in Figure 6.1-3 and a cross
section view, which also shows the interface to a typical signal combiner, is shown in Figure 6.1-4. The
size of this fixture was a concern to us because as the number of signals increased, the size of the
fixture and the length of the individual signal lines would increase. If the width of the signal combiners
and hence the spacing between the signal traces could be reduced, then the size of the fixture could be
reduced for the same number of signals.

6.2 Test Fixture Detail Design

Once the basic concept for test fixture was established, detail design was started. The top and
bottom circuit boards for the test fixture are similar to each other, although there are fundamental
differences between them. Both boards needed to be identically the same shape and the connector
locations needed to match so that the signal combiners would mate vertically between both boards. The
boards are different in that the top board is required to carry combined digital and RF signals and the
bottom board is only required to carry digital signals.

Test connector

L /

\

Typical "Through-

Typical plug-in signal Signal Adapter”

combiner module

Figure 6.1-3: Test Fixture Concept — Cylindrical Fixture
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Figure 6.1-4: Test fixture cross section view

The first detail to be worked out was the size of the test fixture circuit board and the spacing
between the signal combiners, which required that the detail design of the signal combiners had to
proceed concurrently with that of the test fixture. The high power op-amp signal combiner and the
wide-band amplifier/diplexer combiners ended up being the thickest. When detail mechanical design
was complete, these combiners were approximately 0.75” thick. We allowed for a little space between
plug-in modules and chose 0.80” module to module spacing. With the module to module spacing and
number of total plug-in modules established, we began some preliminary layouts. A totally round test
fixture would have been nice from the standpoint of equal length signal lines and symmetrical board
" layout of the top and bottom test fixture boards, but it made the test fixture to signal combiner
mechanical interface too difficult. We looked at square, hexagonal, and octagonal shapes for the basic
test fixture, and the octagon was the clear choice. Then we tried layouts with 5 modules per edge versus
4 or 6 modules per edge, and finally settled on 5 modules per edge. The final printed circuit layout for
the bottom board is shown in Figure 3.2-1. The size of the printed circuit layout for this design was
approximately 12” X 12” without connectors or signal combiners.

The top board of the test fixture is required to carry high frequency digital and RF signals.
Rogers TMM-3, a low-loss microwave laminate with a dielectric constant of 3.27 and a material
thickness of 0.020”, was chosen for the material so the losses at high frequency would be minimal. The
RF signals from the external interfering signal source and the digital signals from the Advantech tester
are matched to 50 Ohms, and the input lines from the signal combiners were designed as 50 ohm

34



6.352, 16.009

Bottom board (bypaoss lines crossed)

Based on 9.80" wide module

TFXT8BOT.pcb

5 X 5 module layout

12108, 13775

N\

i V74
Y e
® JTLITITITITITTITY,

Sen N\ jseeescsccccscssey)

’ .....I

oo

\

.I',
)il

1/20/98

Trace lengths: 4.63" to 5.00"
Delta = @.37° =8«

Note: Reverse top &
bot layers on PCB

e Size: 10.90" (H) X 10.70" (W)

Figure 6.2-1: Printed Circuit Layout — Bottom Board

35

11798,




transmission lines, which for .020” thick Rogers TMM-3, are about 0.050” wide. Because the
impedance of the device under test is, in most cases, much higher than 50 ohms, an impedance
transformer was designed into each of the traces on the board to attempt to match the higher impedance
of the test device. The choice of microwave material and thickness determined the impedance at the
test socket end of the transition. The smallest practical line width line width is 0.010” and its
impedance is about 110 ohms. One hundred ten ohms is lower than the impedance of most of the
circuits that will be attached to the test fixture, so there will be an impedance mis-match at the test
device. But it does provide a signal line with an intermediate impedance that will cause less reflection
from the test device than would a continuous 50-ohm line. A section of the impedance transformer
(notice the tapered lines) is shown at 200% of full size in Figure 6.2-2. The layout of the top board is
shown in Figure 6.2-3. Although the electrical characteristics of the Rogers TMM-3 were very good,
the material is very brittle, which requires it to be laminated to a layer of FR-4 fiberglass laminate so
that it would withstand the stresses associated with inserting and removing the test articles and signal
combiners.

During the development of the test fixture we were also working with various designs to adapt
the 40-signal test fixture to test devices with up to 120 signal lines. This was done through the use of
test adapters and signal bypasses, but it was done differently for the 3DMM than for the PMM. The
basic test fixture was designed to accommodate the 3DMM, which utilizes a 50 pin quad-in-line socket.
We were able to feed the 50 3DMM signals through a 40 signal test fixture, but not all at once. This
was done by widening the 3DMM socket to 62 pins and creating bypass zones of 10 connections on the
left and 12 connections on the right for the connections which fall outside the 40 pin interconnect area.
This concept is shown in Figure 6.2-4. When the 3DMM is located so that pins 1 and 50 were at the left
edge of the test connector, pins 1 through 5 and 46 through 50 bypass the test fixture through a ribbon
cable and pins 6 through 45 pass through the test fixture. When the 3DMM is moved all the way to the
right so that pins 25 and 26 are at the right edge of the connector, the signals on pins 20 through 31
bypass the test fixture through a ribbon cable and the signals on pins 1 through 19 and 32 through 50
pass through the test fixture. By designating two locations for the 3DMM in the 62-pin test socket, all
50 signals can be routed through the test fixture to test for susceptibility levels. _

Finding a way to feed the 120 signals from the “smart card” PMM through the 40-signal test
fixture provided a greater challenge than did the 3DMM. In order to test the PMM, we designed three
sets of test adapters that would plug into the middle 40 pins of the 62-pin test socket. We divided the
120 signals into three groups of 40, and designed a set of test adapters for each group of 40 signals.
Each pair of test adapters would route 40 signals through the test fixture and bypass 80 signals around
the test fixture. The need to bypass so many signals led to the design of the test fixture with slots cut
out next to the test connector. These bypass signals use different bypass connections than used by the
3DMM. This test adapter concept is shown in Figure 6.2-5. The top circuit and silkscreen layers of the
three top adapters are shown in Figures 6.2-6, 6.2-7, and 6.2-8 at full size. The bottom adapters, which
are not shown, are very similar to the corresponding top adapter. By selecting the appropriate test
adapter set, each of the signals from the automated tester to the PMM, except for VCC and the Flash
EPROM programming voltage, can be made to pass through the test fixture for susceptibility testing.
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Once the electrical layouts of the two boards were completed, detail mechanical design was
started. The test fixture boards are large enough that they needed to be fully supported in order to meet
the tight dimensional tolerances between the input and output signal combiner connectors. The Rogers
~ TMM-3 is also brittle enough that good support was necessary to prevent the board from breaking
when the test devices or one of the adapters was inserted or removed. High quality RF connectors were
also required to make the connection between the signal combiners and the test fixture boards. We
chose to laminate the .020” thick microwave board to a .047” thick fiberglass laminate board to
increase it’s strength and resistance to breakage. We also chose to mount each circuit board to a 0.25”
thick aluminum panel, which is machined to the exact shape of the board. The mechanical layout of the
top and bottom platforms is shown at 55% of full size in Figure 6.2-9. The platforms are held in
accurate vertical alignment by 16 bars, two on each flat edge of the 8 sides of the panels. These 16 bars
form the major vertical structural members of the test fixture, and they also support the power boards
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and the bars where the signal combiners are attached.

We chose to attach signal combiners to the edges of the test fixture as plug-in modules. This
concépt utilizes two pair of slip-on RF connectors as part of the mechanical and electrical interface. We
could not find a slip-on connector that met all of our mechanical and electrical requirements, so we
used an SMA (threaded) connector with a SMA to push-on adapter. The SMA connector is a 4-hole
flange mount device made by Southwest Microwave and the SMA-to-OSP édapter is made by MaCom.
The SMA connector is designed for operation up to 27 GHz, and it has a pin/socket interface to mount
tothe edge of a printed circuit panel. The pin that connects to the printed circuit is only 0.005” thick. It
is soldered to the top of the 50-ohm line, and because it is so thin, it launches the signal into the back of
the connector with minimal disturbance of the voltage standing wave ratio (VSWR). The edges of each
platform are drilled and tapped so the 16 vertical supports and 40 RF connectors can be attached to the
platform with screws.

Several of the signal combiners require DC power for their operation. In order to provide DC
power through a plug-in interface, DC power printed circuit board assemblies were added to the test
fixture. The DC power boards have DC power receptacles that are bussed together with power traces.
The boards are mounted just below the lower RF connector, and they are all connected to banana jacks
that come to a panel on the side of the test fixture. Each signal combiner that requires DC power has a
power plug that will mate with the receptacie on the DC power board. The printed circuit layout of the
DC power board is shown in Figure 6.2-10 at 150% of full size. A drawing one of the sides of the test
fixture is shown in Figure 6.2-11, and a picture of the completed test fixture is shown in Figure 6.2-12.

7.0 SIGNAL COMBINER DEVELOPMENT

In order to carry out the test program it is necessary to provide the capability to test the
advanced packaged devices’ susceptibility to interfering signals from about 10 Hz to about 18 GHz.
This wide frequency range will cover signals ranging from AC power supply up through their operating
frequency range and to include any credible interfering signal the test devices might see in it’s
operational environment. The signal combiners developed as part of the contract combine the digital
signals at the device under test with an interfering signal in the frequency range of just above DC to 18
GHz. Semiconductor combiners were designed to cover the frequency range of about 10 Hz to about
150 MHz. Diplexer combiners cover the frequency range up to approximately 18 GHz. The layout
chosen for the test fixture requires that either a signal combiner or a through signal adapter be inserted
in each signal path of the test fixture in order to conduct the test signal from the bottom input layer of
the test fixture to the top or output layer. The photograph in Figure 7.0-1 shows five through signal
adapters mounted to the test fixture.

7.1 Signal Combiner Concept Development
The operating frequency range served by the test fixture is so wide that several different types
of signal combiners were designed to cover the whole frequency range. We also needed to add
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Figure 6.2-10: Printed Circuit Layout of DC Power Board
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Figure 7.0-1: Picture of Through-Signal Adapters

interfering signals to power and ground lines, which introduced additional complications due to the
very low impedance of the power and ground. At the low frequency end, we found a power operational
amplifier with an operating frequency range between DC and 100 MHz that could supply 500 milli-
amperes of current across that frequency range. This device was capable of providing the interfering
signal used with low impedance power and ground currents. We also found a high speed operational
amplifier with a specified upper frequency limit of 200 MHz. Above that frequency some type of
microwave combiner was needed, and we developed a diplexer that would operate from about 500 KHz
to almost 18 GHz with reasonable response. We also furnished a series of diplexer combiners that
include wide-band amplifiers with frequency response from 500 MHz to 18 GHz, each having between
one and two octaves of bandwidth. This was done in order to furnish higher RF power than most sweep
or signal generators would be able to furnish without the use of an external amplifier.
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7.1.1 Diplexer Signal Combiner Development

The design of the diplexer began by developing the RF performance specification. It was to be
a three port device with a digital signal input, an interfering signal input, and an output that is a
composite of the two inputs. If the signal path from the tester to the device under test happened to be
bi-directional, the signal should also be able to travel both directions. There was to be low attenuation,
on the order of 3 dB, between the interfering RF signal input and the output. There was to be low
attenuation, at the digital frequency, between the digital signal input and the output. There was to be
good isolation, on the order of 20 dB, of attenuation between the digital input and the interfering signal
input. '

A diplexer was designed to cover the high end of the frequency range. The diplexer utilizes
micro-strip transmission line technology, microwave capacitors and inductors for isolation between the
relatively low frequency range of the digital signal and the high frequency range of the interfering RF
signal. In order to test various parts of the circuit, several prototype versions of the diplexer were
designed and built. The printed circuit layout of the prototype RF circuit diplexer is shown in Figure
7.1.1-1. The frequency response of the circuit as a continuous 50 Ohm line is shown in Figure 7.1.1-2,
and the response of the circuit including a 33 pf capacitor bridging a gap in the 50 ohm line is shown in
Figure 7.1.1-3. The circuit was modeled and simulated, and the results of the simulation of the 50-ohm
line are shown in Figure 7.1.1-4. The performance comparison between the model and the prototype
was pretty good, which gave us confidence in the circuit. Some additional modeling was done to fine-
tune parts of the design, and the final modeling schematic is shown in Figure 7.1.1-5. A schematic that
is easier to relate to the diplexer physical layout of the diplexer is shown in Figure 7.1.1-6. The circuit
layout needed to be physically changed in order to match the layout envelope allocated for the diplexer
as well as all other combiners. The circuit was laid out shown in Figure 7.1.1-7, and a photograph of
the finished diplexer is shown in Figure 7.1.1-8.

The S21 performance of a typical production diplexer is shown in Figure 7.1.1-9 and the S21
performance charts of all the production diplexers are shown in Appendix H. The performance of all
the diplexers was measured from 500 MHz to 20 GHz, and this is shown on pages Al to AS5. Then,
when it was determined that the devices would be used at frequencies below 500 MHz, diplexers 1-1,
2-2, and 2-7 were characterized from 300 KHz to 3 GHz as shown on page A6. As predicted by the
simulation, there are several sharp dips in the performance of the completed diplexer between 3 and 4
GHz. Because they are so narrow, these dips should not cause a big problem, but there is between 4
and 8 dB of ripple in the performance of the devices between 6 GHz and the roll-off frequency, which
is around 12 GHz for most of the units. The diplexers utilize right angle connectors and they are
physically larger than the original prototype. They also include a surface-mount chip inductor rather
than using two loops of gold wire to provide the inductance for the low-pass filter in the input signal to
composite output path. These differences might account for some of the performance differences
between the computer model, the prototype, and the actual diplexer circuit. The low frequency
performance of several diplexers was measured, and it is shown in Figure 7.1.1-10 for a typical
diplexer. As the figure shows, the useable performance of the diplexer extends down to about 300
MHz. '
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Figure 7.1.1-2: RF Response of Prototype Diplexer Circuit - Continuous 50 Ohm Line
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Figure 7.1.1-6: Layout/Schematic of Diplexer
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Figure 7.1.1-7: Layout of Diplexer Signal Combiner
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Figure 7.1.1-8: Photograph of Diplexér Signal Combiner

During its development, the diplexer was tested with 2 watts of RF power transmitted between
the interfering RF input and the composite output. During conducted mode testing it was necessary to
increase the interfering RF power to 20 watts at a number of frequencies in order to affect the operation
of the devices under test. Because the design of the path between the interfering input and the
composite output, which appears to be quite robust, consists of two sections of 50 ohm micro-strip
transmission line and a coupling capacitor, and there was no problem handling that 20 watts of RF
power. Six of the diplexers are used as diplexer signal combiners.

7.1.2 Diplexer/Wide-band Amplifier Signal Combiner Development

In order to increase the power of the interfering signal in the diplexer design without adding
external TWT amplifiers we designed a combination diplexer/wide-band amplifier. We utilized some
of the diplexers whose design was described in Section 7.1.1 and added wide-band amplification to the
interfering signal. We designed these parts into a mechanical package that allowed the amplifier to fit
within the mechanical envelope specified for the signal combiners. Since the wide-band amplifiers
require DC power, this signal combiner required that a power plug and additional circuit traces be
added to the basic diplexer design. The wide-band amplifier could only be used in the interfering signal
leg because of the need to ensure signal integrity of the digital signal. We found wide-band amplifiers
with 1 watt and 2 watts of output power that would fit within the signal combiner envelope. The
mounting plate to which the amplifiers are attached provides additional cooling, but an external source
of cooling air during extended test periods might be advisable. A layout of the diplexer/wide-band
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amplifier is shown in Figure 7.1.2-1 and a photograph is shown in Figure 7.1.2-2. The selection of
wide-band amplifiers, with their major size and performance specifications, is shown in Figure 7.1.2-3.
The gain from interfering signal input through the wide-band amplifier to combined output at a number
of frequencies across the useable frequency band is shown in Figure 7.1.2-4. The complete data sheets
for all of the wide-band amplifiers is shown in Appendix J.

Power Amplifier/Diplexer Combiner
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Figure 7.1.2-1: Layout of Diplexer/Wide-band Amplifier '

7.1.3 High Speed Op Amp Signal Combiner Development

It is desirable to have an operational amplifier combiner so that interfering signals between DC
and about 150 MHz could be generated. Diplexer signal combiners are not that good in the low
frequency region because of their capacitive coupling. Operational amplifiers that could be used in this




DBS Microwave
* DBP-0206N533
RF SN 012 RF
IN 9724 oOuT
Made in U.SA

Figure 7.1.2-2: Photograph of Diplexer/Wide-Band Amplifier

Frequency Output | | +15V Current

Range, GHz| Mfg. Model Gain |RF pwr.| Case Size, Inches| Required

0.5 2 DBS |DBP-0102N533| 40dB | 2W | 0.67 | 1.56 | 2.91 1.4 Amp

2 6 DBS |DBP-0206N533| 30dB | 2W | 0.67 [ 1.56] 2.91 2 Amp

2 8 Cernex |CPA02083030 | 30dB | 1W | 0.38 |0.93]3.25 1.1 Amp

6 18 DBS |DPT-18616 32dB| 1W | 067 |1.56|366| 2.5Amp

Figure 7.1.2-3: Wide-Band Amplifier Specifications
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W/B Amp P/N S/N | Diplexer | Frequency Gain
DBP18616 1 1-2 6 35
9 325
12 30.4
15 15.5
16 12.3
DBP18616 2 1-3 6 33.5
9 29.5
12 30
15 20
17 4
DBP0206N533 12 241 2 344
4 30.6
6 26.8
DBP0206N533 13 3-1 2 35.7
4 32.8
6 32.8
CPA02063230 2346 29 2 427
4 42.8
6 40.7
CPA02063230 2347 1-5 2 414
4 38.5
6 38.9
CPA02063230 2348 2-8 2 39.1
4 37.9
6 38.7
DBP0102N533 7 2-5 0.5 416
1 43.7
1.5 40.5
2 40.3
DBP0102N533 8 26 0.5 41.8
1 448
1.5 421
2 426
DBPO0102N533 9 1-6 0.5 39.6
1 40.9
1.5 34.5
2 35.9
DBP0102N533 10 2-4 0.5 40.9
1 40
1.5 355
2 354

Figure 7.1.2-4: Gain Through Combined Diplexer/Wide-Band Amplifier




application need to be unity gain stable, have a low impedance (high current) output, have a voltage
output swing of at least 10 volts, and be as fast as possible. During the preliminary design stage we
found many high-speed amplifiers, but most did not have a wide enough output voltage, and most
would not drive a 50 ohm load. An output voltage range of at least 10 volts is needed because the
combiner has to replicate a digital signal of approximately 0 to 5 volts and have a substantial reserve in
each direction to accommodate a large interfering signal. We finally settled on the Comlinear/National
CLC232 operational amplifier. It has an output voltage range of +/- 11 volts with +/- 15 volt power
supplies, and at 10 volts out, the bandwidth is almost 200 MHz at room temperature. The circuit
diagram is shown in Figure 7.1.3-1. A photograph of a high-speed operational amplifier signal
combiner is shown in Figure 7.1.3-2 and the top side layout of the printed circuit board is shown in
Figure 7.1.3-3. The CLC-232 does require a heat sink for proper thermal operation, and we did find a
heat sink that fits within the mounting envelope. During acceptance testing we found that the
production board has a bandwidth of almost 170 MHz at a digital output of 5 volts peak to peak and
over 0.5 volt of RF, and it appears to satisfy all of our requirements. The voltage output due to the RF
interfering signal does vary somewhat with frequency.

The high speed Op-Amp combiners are furnished in two different configurations: Four of the
combiners are furnished with 50 ohm terminating resistors at the RF interfering signal input. RF signals
up to approximately 3 Volts RMS may be used with these devices because of the limited power
dissipation of the 50-ohm on-board termination. The rest of the combiners have the RF interfering
signal input terminated at 200 ohms in order to accommodate higher voltage interfering signals.

7.1.4 High Power Op Amp Signal Combiner Development

A high power operational amplifier signal combiner was needed to inject an interfering signal
into DC power and ground lines. An operational amplifier that is suitable for this application needs to
be unity gain stable, have a very low impedance output, have a voltage output swing of at least 10 volts,
and still be as fast as possible. We found a high power, high speed operational amplifier and a high
power high speed buffer, both manufactured by Apex. We chose the operational amplifier instead of
the buffer because of a simpler overall design and, except for slew rate, comparable performance.

The high power operational amplifier signal combiner needs to meet about the same
requirements as the high-speed operational amplifier combiner, with the addition of being able to
supply more output current in order to drive a lower output impedance load. The final circuit design of
the high power op-amp combiner is shown in Figure 7.1.4-1. The topside layout of the printed circuit
board is shown in Figure 7.1.4-2. Because of it’s high output power, the high power operational
amplifier consumes a lot of DC power from the power supplies. Therefore, a good heat-sink design was
necessity to dissipate the heat. The design uses standard heat sink “bar stock™ to minimize the number
of machine cuts. We were able to lay out the circuit board and fit both the circuit board and heat sink
within the specified mechanical envelope. The production high power signal combiner has a bandwidth
of about 90 MHz at about 500 ma. power output.

The high power operational amplifier combiners are furnished in two different configurations:
Four of the combiners are furnished with 50 ohm terminating resistors at the RF interfering signal
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Figure 7.1.4-1: Schematic of High Power Operational Amplifier Combiner

input. RF signals up to approximately 3 Volts RMS may be used with these devices because of the
limited power dissipation of the 50-ohm on-board termination. The rest of the boards, have the RF
interfering signal input terminated at 200 ohms in order to accommodate higher voltage interfering

signals. A photograph of a high power operational amplifier signal combiner is shown in Figure 7.1.4-
3.

7.1.5 Power Measurement Test Fixture Development

During the design of the test fixture, we knew there was going to be an impedance mis-match
when looking into the device under test, because of the high characteristic input impedance of CMOS
digital gates. As a tool to help us determine how serious the impedance mis-matches are and whether
they are affecting the validity of our measurements, we designed an adapter that includes a bi-
directional power divider. With the measurement fixture inserted between the test fixture and one of
our standard signal combiners, it should be possible to determine the amount of RF power being
transmitted into the circuit under investigation, and how much is being reflected back. In addition to
this fixture, several RF power meters will be required to determine the forward and reflected power
levels. Because we are not matching to 50 ohms at the output of the test fixture, the measured power
readings might not be accurate, and it might take some calculating to determine the exact amount of
power.
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Figure 7.1.4-3: Photograph of High Power Operational Amplifier Signal Combiner

8.0 CONCLUSIONS

This research effort was undertaken to assess the susceptibility of advanced packaged devices
to the effects of electromagnetic radiation. It was also hoped that we would be able to learn a number of
design techniques that might mitigate the effects of electromagnetic radiation. Based on the results of
this research, the following conclusions are presented:

1) There is reasonable correlation between simulated and observed upset levels for the simulation
and testing that was completed as part of this contract. This correlation was quite good in some
cases but not so good in others. Where the correlation is not so good we would suspect that

" more attention needs to be paid in developing accurate models of the part in question.




2)

3)

4)

5)

6)

7

8)

The test fixture and signal combiners provided under this contract are adequate to test the
3DMM and memory-only PMM for electromagnetic susceptibility. Through the use of
additional test fixtures, (one additional set type is included with the test fixture), other types of
electronic devices, especially digital devices, may be tested for susceptibility to conducted
electromagnetic energy.

The ability of current software tools to convert design data of complex electronic devices into
electrical models is lacking. We found that the ability of the software tools we used, which use
the Finite Element Method, to calculate the circuit characteristics of high aspect ratio circuits,
such as those with long thin circuit board traces, is very limited at this time. The software could
handle very small or simple structures, but structures of the type we tried to analyze created
mesh structures so large that they failed to converge on a solution after more than 50 hours of
workstation CPU time. However, once a model has been created, the software tools to analyze
the circuit and calculate the response to input signals seem to be quite good.

Testing performed on the 3DMM indicates that if interference gets onto the DC power lines, it
can easily spread and affect nearly every circuit within a packaged device.

If an interfering signal that is being applied to a particular circuit is close to it’s susceptibility
threshold, an interfering signal applied to another part of the circuit would not have to be very
large in order cause failure in the operation of the circuit.

Although only digital devices were tested, the susceptibility of analog devices could also be
measured through the use of the EMEAP test fixture and a suitable automated analog circuit
tester.

Modeling and simulation results of the 3DMM show that a 0.8 to 1.0 volt signal at 100 MHz
will cause the circuit to upset. Even at 10 GHz the noise voltage must be increased by only 4
dB to cause upset. down. But at 18 GHz the level of noise would have to be greater than 4000
Volts to propagate a 0.8 volt signal to the die.

The test results of the 3DMM do not exactly conform to the simulated results. The
susceptibility at 100 MHz is quite low, but it increases more rapidly than shown by the
modeling results.
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Appendix A -3DMM Pinout, Routing, and DRAM Data
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Appendix A -3DMM Pinout, Routing, and DRAM Data
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Appendix A ~3DMM Pinout, Routing, and DRAM Data
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$0J Onty), 20/26 J-Lead Thin Surfacs AO-A8 Address inputs
Mount (ThinS0OJ), or 20-Pin Zig-Zag in-Line TA3 Column-Address Strobe
(ZIP) Packages DQ1-0Q4 Oats in/Osta Out
] Data-Output Enabile
¢ Operation of TI's Megabit CMOS DRAMs AAS Row-Address Stobe
Can Be Controlled by TI's SN74ALS6301 g Test Function
and SN74ALS6302 Dynamic RAM w Write Enable
Controllers vee S-V Supply
vss Ground
¢ Operating Free-Air Temperature
...0°Cto 70°C ’
description

The TMS44C256 series are high-speed, 1048 576-bit dynamic random access memories, organized as
262 144 words of four bits each. They employ state-of-the-art EPIC™ (Enhanced Process Implanted CMOS)
technology for high performance, reliability, and low power at low cost.

EPIC Is a trademark ﬂTexas Instruments lncogo:ated

0ATA tonteia cwment % Copynght © 1990, Texas instruments incorporsted
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e - INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 841

Ad



Appendix A -3DMM Pinout, Routing, and DRAM Data

TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS288C — JUNE 1988 — AEVISED NOVEMSER 1990

description (continued)

These devices feature maximum BAS access times of 60 ns, 70 ns, 80 ns, 100 ns, and 120 ns. Maximum power
dissipation is as low as 305 mW operating and 11 mW standby on 120 ns devices.

The EPIC technology permits operation from a single 5-V supply, reducing system power supply and decoupling
requirements, and easing board layout. Igc peaks are 140 mA typical, and a - 1-V Input voltage undershoct can
be tolerated, minimizing system noise considerations.

All inputs and outputs, including clocks, are compatible with Series 54/74 TTL. All addresses and data-in lines
are latched an-chip to simplify system design. Data out is unlatched to allow greater system flexibility.

The TMS44C256 is offered in a 20-pin dual-in-line (N suffix) package, a 20-pin zig-zagin-line (SO suffix) package.
a 20/26 J-lead plastic surface mount SOJ (DJ suffix), and a 20/26 J-tead thin plastic surface mount SOJ
(DN suffix). The TMS44C256-60 and TMS44C256-70 are available inthe 20/26 J-lead plastic surface mount SOJ
(DJ sutfix) only. These packages are guaranteed for operation from 0°C to 70°C.

operation

- enhanced page mode

Page-mode operation allows faster memory access by keeping the same row address while selecting random
column addresses. The time for row-address setup and hold and address muitiplex s thus eliminated. The
maximum number of columns that may be accessed s determined by the maximum RAS low time and the CAS
page cycie time used. With minimum CAS page cycle time, all 512 columns specified by column addresses AQ
through A8 can be accessed without intervening RAS cycles.

Unlike conventional page-mode DRAMS, the column-address buffers in this device are activated on the falling
edge of RAS. The butfers act as transparent o flow-through latches while CAS is high. The fafling edge of Cas
latches the column addresses. This feature allows the TMS44C256 to operate at a higher data bandwidth than
conventional page-mode parts, since data retrieval begins as soon as column address is valid rather than when
TAS transitions low. This performance improvement is referred to as “enhanced page mode.” Valid column
address may be presented immediately after thra) (row address hold time) has been satisfied, usually weil In
advance of the falling edge of CAS. In this case, data is obtained after t3(cy max (access time from CAS low),
it ta(ca) max (access time from column address) has been satisfied. In the event that column addresses for the

next page cycle are valid at the time TAS goes high, access time for the next cycle is determined by the later

. occurrence of ty(c) Of tgn (access time from rising edge of CA3).

address (A0 through A8)

Eighteen address bits are required to decode 1 of 262 144 storage cell locations. Nine row-address bits are set
up on pins AQ through A8 and latched onto the chip by the row-address strobe (RAS). Then nine column-address
bits are set up on pins AO through A8 and latched onto the chip by the column-address strobe (CAS). All
addresses must be stable on or before the falling edges of FAS and CAS. RAS is simifar to a chip enable in
that it activates the sense amplifiers as well as the row decoder. CAS is used as a chip select activating the output
buffer, as well as latching the address bits into the column-address buffers.

write enable (W)
The read or write mode is selected through the writa-enable (W) input. A logic high on the W input selects the
read mode and a logic low selects the write mode. The write-enable terminal can be driven from the standard
TTL circuits without a puil-up resistor. The data input is disabled when the read mode is selected. When W goes
fow prior to CAS (early write), data out will remain in the high-impedance state for the entire cycle, permitting a
write operation with G grounded.

*
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Appendix A ~3DMM Pinout, Routing, and DRAM Data

TMS44C256

- : 262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1988 — REVISED NOVEMBER 1990

data In (DQ1-DQ4)
Data Is written during a write or read-madify-write cycle. Depending on the mode of operation, the falling edge
of CAS or W strobes data into the on-chip data latch. In an earty write cycle, W is brought low prior to TAS and
the data is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or
read-modify-write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times
referenced to this signal. In a delayed-write or read-modify-write cycle, G must be high to bring the output buffers
to high-impedance prior 10 impressing data on the IO lines.

data out (DQ1-DQ4)
The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fanout of two
Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance (floating) state
untit CAS and G are brought low. In a read cycle the output becomes valid after the access time interval t,
thatbegins with the negative transition of CAS as long as tym) and tyca) are satisfied. The output becomes valid
after the access time has elapsed and remains vatid while CAS and G are low. CAS or G going high retums it
toahigh-impedance state. Thisis accomplished by bringing G high prior to applying data, thus satisfying t4(GHO)-

‘output enable (G)
G controls the Impedance of the output buffers. When G is high, the butfers will remain in the high-impedance
state. Bringing G low during a normal cycle will activate the output buffers putting them in the low-impedance
state. It is necessary for both RAS and CAS to be brought low for the output butfers to go into the low-impedance
state. Once in the low-impedance state, they will remain In the low-impedance state until either G or CAS is
brought high. .

refresh
Arefresh operation must be performed atleast once every eight milliseconds to retain data. This can be achieved
by strobing each of the 512 rows (A0-A8). A normal read or write cycle will refresh alt bits in each row that is
selected. A IAS-only operation can be used by halding CAS at the high (Inactive) level, thus conserving power
as the output buffer remains in the high-impedance state. Externally generated addresses must be used for a
RAS-only refresh. Hidden refresh may be performed while maintalning valid data at the output pin. This Is
accomplished by holding CAS at Vy_after a read operation and cycling RAS after a specified precharge period,
similar to a RAS-only refresh cycle.

CAS-before-RAS refresh -

CAS-before-AAS refresh rs utilized by bringing CAS low earfier than IAS [see parameter tyey aryr] and holding
it iow after FAS falls [see parameter tymy cryl. For successive CAS-before-RAS refresh cycles, CAS can
remain low while cycling RAS. The external address is ignored and the refresh address is generated Internally.
The external address Is aiso Ignored during the hidden refresh option.

power-up
To achieve proper device operation, an initial pause of 200 us followed by a minimum of eight initialization cycles
Is required after power-up to the full Vg level.

test function pin
During narmal device operation the TF pin must either be disconnected or biased at a voltage less than or equal
toVee.
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Appendix A -3DMM Pinout, Routing, and DRAM Data

TMS44C256
262 144-WORD BY 4-B1T
DYNAMIC RANDOM-ACCESS MEMORY

~= REVISED NOVEMBER 1990

loglc symboit
6 . RAM 258K x 4
A0 2009/2100
a1 L
8
A2 9
A3
A4 n P A __L_
AS 12 { 262143
13
AB
14
A7 15
A8 20017/2108 )
> C20[{ROW]
a G23/[REFRESH RQW]
AS 24{PWR DWN]
> C21/{COLUMN]
7 G24
CAS & boacz
w iﬁ 23,210 24,25EN
5 C
DaQt | A, 22D d
e azz
DQ2 18—‘—’-
DQa3 1—9—4—.—
DQ4 —=—a>
1 This symbol is in accordance with ANSINEEE Std 91-1984 and IEC Publication 817-12.
Pin numbars shawn are for the N package.
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Appendix A -3DMM Pinout, Routing, and DRAM Data

4 TMS44C256

262 144-WORD BY 4-BIT

DYNAMIC RANDOM-ACCESS MEMORY
SMGS236C ~= JUNE 1

986 — AEVISED NOVEMBER 1990

functional block diagram
AS TAis W @
v 4§ 3

| miming snd Control I

> Row
$4 Address
<l <J
> 256K Row 258K -
o Array | Decode| Array < b
:" ‘[v > Sense Ampiitiers
1 ]
' <> Data Py
:23 = | Cotumn <> “ In
v 1 Address [N -> vo 4] Reg
1  Bufters <> 0
ﬁ E ® —/ Column <> PPY)
a7 > bl | o Lt
AS <> %1 Reg 4
Senve Amptifiers
258K Row 258K
Arrey | Decode| Array pO1-004

absclute maximum ratings over operating free-air temperature range (unless otherwise noted)?

Voltage range on any pin (Se@ NOt@ 1) .......iieeiiirunanastesenecnronnanennes vevess =1VIO7V
Voltage rangeon Ve ... teeeasesianas ceesanns Mereeneancreatas veeess =3IVIO7V
Short circult output current .......... Wereeasresetetstarteaseasats ceresenees tereerianens vero SOMA
Power dissipation. ... .......... esssesanas cressestieiiiiiiaanas veenaseenns L 1W
Qperating free-air temperature range ......... teeeeenencneassansaseaaenrrars verereeess. 0°Cto 70°C
Storage temperature range ....... R verserrseeses —65°Clo 150°C

fmwmwum'wumm'mmmwmmm.mu-mmm.m
mmdmmumammmmmmmma‘mmwmm‘md
this specification I not impti p to rated condltions for extended periods may affect device reliability.

NOTE 1: All voltage values in this data sheet are with respect to Vgsg.

recommended operating conditions

MIN NOM MAX | UNT

Vee  Supply voltage 4.5 L] 8.5 v
| Vss _Supply voitage 0 v

Vi  High-level input voltage 2.4 8.5 \4

Vi Low-level input voitage (see Note 2) -1 0.8 v

Ta  Opersting free-air temp . 0 70| °C
NOTE 2. The algebeaic convention, where the more negative (less positive) limit is desig: d a3 mi is used In this data sheet for logic

voitage levets only. .
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Appendix A ~3DMM Pinout, Routing, and DRAM Data

TMS44C256

262 144-WORD BY 4-8IT

DYNAMIC RANDOM-ACCESS MEMORY
SMGS236C — JUNE 1966 — REVISED NOVEMBER 1990

electrical characterlstics over full ranges of recommended operating conditions (uniless otherwise
noted) .

PARAMETER TEST CONDITIONS TMS44C256-80 | TMS44C258 70 UNIT
MIN  MAX MIN  MAX

VoH High-level output voltage | loi = =5 mA 2.4 2.4 A

VoL Low-level output voltage { loL = 4.2 MA 0.4 0.4 v

[ Inpwt current (leakage) Vy=0105.8V, Vo = 5 V. All ather pins = 0 Vto Ve =10 2101 uA

o Output current (leakage) | Vo = 0 Vio Ve, VEG = 5.5 V. CAS high =10 10| pA

lcct1 _Readiwrite cycle cumrent | le(rgw) = minimum, Ve = 5.5 \ 95 80| mA

Icc2  Slandby current After 1 memory cycle, RAS and CAS high, Vi » 2.4V 2 2| mA .

Average refresh circut | i » mumum, VoG = 5.5 V. RAS cyciing, CAS high
'CC3  (AAS-onty, or CER) (RAS-onty), AAS low, after CAS low (CBR) % o} m
icca  Average page current tg(p) = minimum, Voc + 5.5V, RAS low, CAS cydiing 70 60| mA
TEST TMS44C256-80 | TMS44C256-10 | TMS44C256-12
NI
PARAMETER CONDITIONS MIN  MAX | MIN MAX| MIN  MAX UNT

VOoH High-levei output voltage 1oM * ~5mA 24 2.4 24 v

VoL Low-level cutput voitage oL =4.2mA 0.4 0.4 0.4 v

it Inputcurment feakage) e e ‘;%C‘;vscvc £10 10 10| A

Vo=0toVee,
o Output cucrent (leakage) vee =55 V. CAS nigh 210 210 =10 pA
icet  Readwrite cycle current le(raw) = Minimum, Vec =55V 75 65 55| mA
After 1 memory cycle,
lccz  Standby curent TAS and CAS high, Vit = 2.4V 2 2 2} mA
A ratr L tafra = minimum, Ve 5.5V
leca m"‘"::’y :&:’"‘"‘ AAS cycling, CAS high (RAS-only), 70 ) 0] mA
§ FAS low, after CAS low (CBR)

Icca  Average page curent % I:m manm c;;IE: =55V 50 45 35| mA
capacitance over recommended ranges of supply voitage and operating free-air temperature
t = 1 MHz (see Note 3)

PARAMETER MIN  TYP  MAX| UNIT
Cija)  lnput capacitance, address inputs 5 pF
CH{RC) Input capacitance, strobe inputs S| eF
ci(w) Input capacttance, write-enable input 5 pF
Ci(G)  input capacitance, output-enable input -1 pF
Co Output 71 ofF

NOTE 3: Vg equaito 5V 2 0.5 V and the bias an pins under testis O V.

5-6
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Appendix A —3DMM Pinout, Routing, and DRAM Data

TMS44C256

- 262 144-WORD BY 4-BIT

DYNAMIC RANDOM-ACCESS MEMORY
SMGS258C — JUNE 1086 — R

EVISED NOVEMBER 1990

switching characteristics over recommended ranges of supply voitage and operating free-air
temperature (see Figure 1)

PARAMETER ALT. TMS44C258-60 | TMS44C258-70 uNIT
SYMBOL | MIN MAX | MIN MAX
1)  Access time from CAS low 1CAC 15 18] ns
ta(CA)  Access time from column-address CAA 30 33| ns
Ta(R) Access time from RAS low 1RAC 60 70 ns
a(G) Access time from G low 1GAC 15 18] ons
1a(CP)  Access time from column precharge tcaP 35 40 ns
tqcLz) CAS low to output b low Z e ns
lgs(CH) Outout disable tme after CAS high (see Note 4) tOFF 15 0 18] ns
tis(G)  Output disable time after G high (see Nots 4) {GOFF 15 0 18 ns
PARAMETER ALT. TMS44C258-80 | TMS44C256-10 | TMS44C256-12 uNrT
SYMBOL MIN  MAX MIN  MAX | MIN MAX
13(C) Access time from CAS iow CAC 20 25 30 ns
13(CA)  Access ime from column-adcress 1ICAA 40 45 55 ns
ta(A) Access time from RAS low 1RAC ®© 100 120 ns
1a(G) Access time from G low 1GAC 20 25 30 ns
ta(CP) Access time from column precharge cap 40 50 60 ns
4cLz) CAS low to output in low Z Lz 0 0 ns
tis(CH) Qutput disable tme after CAS high (see Note 4) OFF 20 [+] 25 [} 30 ns
Uis(@)  OQuiput disabie time sfter G high (see Note 4) tGOFF [ 20 0 25 0 20 ns

NOTE 4: tgig(CH) 8nd tdis(G) are specified when the output is no longer deiven.

e et ]
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Appendix A -3DMM Pinout, Routing, and DRAM Data

TMS44C256

262 144-WORD BY 4-BIT b
DYNAMIC RANDOM-ACCESS MEMORY

SMG3286C — JUNE 1988 — REVISED NOVEMBER 1900

timing requirements over recommended ranges of supply voitage and operating free-air
temperature (continued) :

PARAMETER sv:gbt. 7::‘“625:3 T::‘“cu::; UNIT
te(re) Read cycle ime (see Note 6) RC 10 130 ns
lew) Write cycle time we 110 130 ns
te(raW) Reed-write/read-modiy-write cycie time tawe 155 181 °* ns
ﬂp) Page-mode read or write cycle time (see Note 7) tpC 40 45 ns
te(PM) Page-mode read-modiy-write cycle time pCM 85 ] ns
W(CH) Puise duration, CAS high icp 10 10 ns
twiCl}  Pulse duration, CAS iow (see Note €) tcas 15 10000 18 10000| ns
Ww(RH) Puise duration, RAS high (precharge) tap 40 50 ns
twiRL) Non-page-mode puise duration, RAS low (see Note 9) 1RAS 60 10000 70 10000 ns
Ww(RLP  Page-mode puise duration, RAS low (see Note 8) RASP 60 100000 70 100 000 ns
tw(WL) Write putse duration we 15 15 ns
| tsu(CA) Column-address setup time before CAS low tASC 0 [ ns
{su(RA} Row-address sstup time before RAS low tASR [} 0 ns
| tau(D) ___Dsta setup time befors W low (see Note 10) A DS 0 [ ns
tsu(rd) Read setup time before CAS iow acs ] Q ns

[tsu(wer)  W-iow setup time before CAS low {see Nate 1) WCS Q 0 n3
lsy(WCH) W-iow setup time before CAS high WL 15 18 ns
lau(WRH)  W-low satup time before RAS high tHWL 15 18 ns
| thiCA) Column-address hoid time after RAS low CAH 10 15 ns
th(RA) Row-address hold time after RAS low RAH 10 10 ns
ALCA) _ Column-address hoid time after RAS low (see Note 12) AR 50 55 ns

Continued next page.

NOTES: 5. Timing megsurements in this tabls are referenced to VL max and Vi min.
6. All cycle times assume ty = S ns.
7. To guarantes Lo(p) Min, igy,(CA) shoukd be greater than or equal 10 ty(CH)-
8. "INIGMM'W.M(CLWL)Wkummum%whqmmm'smﬂm&nume-
additiona! CAS low time Rw(cL)).
9. mmmny-wm:ydo.umwuwtwmmmum.wmgmmwsmmm.mmm-v
" soditonal AAS low time fw(AL)D- :
10. Later of CAS or W in write operations.
11, Early write operation only.
12. The minimum vaive is measured when tg(RLCL) IS 36t 10 t4(RILCL) Min a3 a reference.

s
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Appendix A -3DMM Pinout, Routing, and DRAM Data

TMS44C256

262 144-WORD BY 4-BIT

DYNAMIC RANDOM-ACCESS MEMORY
SMGS296C — JUNE 1988 — REVISE|

D NOVEMBER 1990

timing requirements over recommended ranges of supply voltage and operating free-air
temperature (continued) i

PARAMETER ALT. TMS44C256-80 | TMS44C256-10 | TMS44C258-12 uNIT
SYMBOL [TpuN MAX| MIN _ MAX| MIN _ MAX
teqrd) Read cycle time (see Nate 6) ne 180 180 220 ns
ew) Write cycle time : we 150 180 220 ns
teraw) Read-write/read-modify-write cycie time RWC 205 245 295 ns
 le(P) Page-mode read or write cycle ime (ses Note 7) tpC 50 55 [C] ns
tePM) Page-mode resd-modity-write cycie tine PCM 100 120 135 ns
'w(CH) Puise duration, CAS high cp 10 10 15 ns
twiCl) Puise duration, CAS low (see Note 8) ICAS 20 10000 25 10000 30 10000 ns
tw(RH) Puise duration, RAS high (precharge) AP 60 70 9% ns
twiAl) m‘::‘::’g)“‘ puise duration. RAS low RAS %0 10000] 100 10000 120 10000( s
\wiRL)P _ Page-mode pulse duration, RAS low (ses Note 9) | tRASP 80 100000( 100 100000} 120 100000| ns
lw(wL) Wiite pulse duration we 15 1 20 ns
| tsu(CA) Column-address setup time before CAS low 1ASC [ 0 0 ns
tsu(RA) Row-address setup time before RAS low tASR [} [} [} ns
 tau(0) Data setup time before W low (sse Note 10) DS 0 0 0 ns
Lyu(rd) Read satup lime before CAS low RCS [} [} 0 ns
suWCt) W-low setup time before CAS low (see Note 11) wWCSs [} 0 0 ns
tey(WCH) W-low setup time before CAS high tcwL 20 25 30 ns
tsu(WRH] _ W-low Setup ime before RAS high WL 20 25 30 s
| Ih(CA) Column-address haid time after RAS iow CAH 18 20 20 ns
th(RA) Aow-address hold time sfter RAS low TRAH 12 15 15 ns
hALCA) m";,'” Rold time efter RAS low R I 70 0 n

Continued next page.

NOTES: §. mmgmuurmmhﬂsmmrﬁomadhvmmmvmm

6. Allcycle times assume 4 » 5 ns.

7. To quarantss te(p) min, (CA)MMWMUW‘OMGQ- -

8. Inaread-modify-write cycle, lg(CLWL) 80d ey (WCH) Must e abserved. (Depending on the user's transition times, this may require
saditional TAS low time iy : - ‘

9. lnnm.d-cmdify-mﬂocydo.ld(anuw@mmmum.wmmm‘smmmnmhmym
sadtional FAS low time fw(AL)D-

10. Later of CAS or W in write operations.

11, Early write operation only.

12. Thcmhmmvduohmm'dmmd(mcubmm!d(m_q,)minuudum.

¥
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Appendix A -3DMM Pinout, Routing, and DRAM Data

TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY
SM3S238C — JUNE 1968 — REVISED NOVEMBER 1990
timing requirements over recommended ranges of supply voitage and operating free-air
temperature (continued)
ALT. TMS44C256-80 | TMS44C258-70
PARAMETER SYMBOL| WN _ MAX| MIN _ MAX | UNIT
[ thiD) Data hold time after CAS low (see Note 10) tpH 10 15 ns
| thALD) Data hotd time after RAS low (see Note 12) OHR 50 55 ns
tWLGL) G hold lime after W tow \aH 15 18 ns
hCHrg) __Resd hold time after CAS high (see Nate 13) tRCH 0 0 ns
h(RHrq) __Resd hoid time after RAS high (see Note 13) RAH 0 0 ns
e Write hold time after CAS low (see Note 11) WCH 15 15 ns
| iAW) Write hoid time after RAS low (see Note 12) WCR 50 55 ns
_'_cl_LRLCN) Delay time, RAS low to CAS high tc_s_u 60 70 ns
[ ta(cHAL) _ Deley time, CAS high to RAS low 'cAp 0 0 ns
| t(CLAH) __ Delay time, CAS low to RAS high 'ASH 15 18 ns
| lctwy) Deiay time, CAS low to W low (see Note 14) tcWD 40 46 ns
| taRLcL)  Delay time, RAS low to CAS low (see Note 15) RCO 20 s 20 82| ns
| le(RLCA) Oelay time, RAS low to column-address (see Note 15) RAD 18 30 15 35| ns
| ta(cARH) __ Delay time, column-sddrass to RAS high tRAL 20 35 ns
| loicacH) _ Delay time, cdumn-ldd:ss to CAS high ICAL 30 35 ns
| 9(RLWL) Detlay time, RAS low to W low (see Note 14) R_WD 65 9 ns
| lyicawy) Detay time, column-address to W low (see Nots 14) 1AWD 55 &3 ns
| t(GHD)___ Dolay time, G high before data at 0 1GDD 15 18 ns
W(GLRH)  Delay time, G fow to RAS high GSA 10 10 ns
MALCHIR Detay time, RAS low 10 CAS high (see Note 16) 1CHA 15 15 ns
[ t9(CLAL)R_ Delay time, CAS low RAS low (see Nots 16) \CSR 10 10 ns
| to(RHCLIR_ Delay time, RAS high CAS low (see Nota 16) RPC 0 0 ns
e Refresh time interval REF 8 8| ms
Y Teansition time ] ty 3 50 3 50| ns

Continued next page.

NOTES: 5. Timing measurements in this table are referenced 10 Vi max and Vi min,
10. Later of CAS or W in write operations. ‘
11. Early write operation only. :
12. The minimumn vaiue is measured when ty(g1 C1) IS 38110 tgRLCL) Min as & reference.
13. Ether th(RHrd) O th(CHrd) Must be satisfied form resd cycle. ... . ... .
14. Read-modify-write operationonly. T .
15. Maximum value specified only to guarantee access time.
16. CAS-vefore-FAS refrash only.
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Appendix A =3DMM Pinout, Routing, and DRAM Data

TMS44C256
262 144-WORD BY 4-BIT

DYNAMIC RANDOM-ACCESS MEMORY

— REVISED NOVEMBER 1990

timing requirements over recommended ranges of aupply voitage and operating free-air
temperature (conciuded)

ALT, | TMS44C256-80 | TMS44C256-10 | TMS44C256-12
PARAMETER SYMBOL | MIN _ MAX| MIN _Max| MIN _ max | UNIT
| th(D} Data hoid time after CAS low (see Note 10) foH 15 20 25 ns
| th(RLD) Data hoid time after AAS low (see Note 12) 1DHR 80 70 (1] ns
thewLGL) G hoid time after W low 1GH 20 25 30 ns
h(GHrg) Read hold time atter CAS high (see Note 13) 1ACH 0 0 ] ns
In(RMrg)___ Resd hold time sfter AAS high (see Note 13) 'RAK 0 0 0 ns
[thCLw) __Wrrte hold time after CAS low (see Note 11) WCH 15 20 25 ns
[n(ALW) __ Write hoid time after RAS iow (see Note 12) WCR 60 70 85 ns
ta(ALCH)  Osiay time, RAS low to CAS high 1CSH 80 100 120 ns
| tg(CHRL) _ Delay time. CAS high to RAS low tcap 0 0 0 ns
| loCLRK) __Delay time, CAS low to ;ﬁs high 1RSH 20 25 30 ns
[ tacuwyy___Deltay time, CAS low 10 W low (see Note 14) tCWD $0 60 70 ns
 taRLCL) __ Deisy time, RAS low 10 CAS law (see Note 15) 'RCO 2 60| 25 15| 2 90| ns
IALCA) g:‘:‘{‘o“':" F low to column-address 1RAD ” wo| 20 ss| 20 &s| ns
g(CARH)  Delay time, column-address to RAS high RAL 40 45 55 ns
| tacaCH) Oelay time, coum-addr:u 1o CAS high tCAL 40 45 55 ns
| WRLWL) Delay time, RAS low to W iow (see Note 14) tawD 10 135 180 ns
toCAWL) g:'uy;‘ l:::; ‘e)uumnmms to W low awD 70 80 95 s
| \(GHD) __ Delay time, G high before data at DQ GOD 20 25 30 ns
W(GLRH)  Deiay time, 3 low to RAS high 1GSR 10 10 10 ns
| WRLCH)R _ Deiay time, RAS low to CAS high (see Nate 16) ICHR 20 25 25 ns
| d(CLAL)R__Delay time. CAS low RAS low (see Note 16) tCSR 10 10 10 ns
 l(RHCL)R Deiay time. RAS high CAS low (see Note 16) [ 0 0 0 ns
et Refresh time interval REF ] 8 8( ms
Teansition time T 3 50 3 30 3 50 ns
NOTES: 8. Timnqmnmmnhsnucmmmmdlovlmumdvmm

10.
1.
12
2.
14
18.
18.

Later of CAS or W in write operations
Early write operation only.

The minimum vaiue is measured when GRLCL) is S81 I0t(RLCL) DV RS 3 n!ouna
Either th(AHrd) Of h(CHrd) must be sstisfied for 3 read cycle

Read-modily-write operation only.

Maximum value specified only 10 guarantee access time

TAS.before-AAS refresh onty.
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Appendix A -3DMM Pinout, Routing, and DRAM Data

TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

JUNE 1386 — REVISEQ NOVEMBER 1990

PARAMETER MEASUREMENT INFORMATION

. Vec=SV

13ty
. Ry=218Q Ry=828Q
Output Under To;l Output Under Test
Cy = 100 pF R22295Q
C = 100 pF
i
{s) Load Clreuit (b) Alternate Load Clrcult

Figure 1. Load Clircuits for Timing Parameters

read cycie timing

- a, g
* 1 i
. | ( 'w(RL) | ! Vi
RAS I\] /1 1
I 1 | vir
: 1 —— t(CLAH) ——"' b tw(RH) —-’:
[ tymecy) — —_—
| p— twrLeH) > lh—t-r t4(cHAy
—l b
laad ey =1 et
@ L N it :\ .
A b R w
"mw-) | tsu(CA) : —p—t w(CH) |
hRA) B M= e tgcackh — |
- e tumay tacany ———H»i |
| e smcy MR T e
P - 4 S Vin
, BRI TITITIIIIITD
aoa @(’ ""l — QR B cars KXCEK) v“_
) 1
| ! +» e ey | ™ M- th@umg
! touge) i | le—L—sl- micira
o vavavavavavavavavavivivl (]
OOORRAK TR0
" L v | QUKEE, semca XXX
g , i
J l‘ aca) —¥ et tarc) ——>
I WLz ey i H i vou
Dn%a' : Hi-Z fsoo Hore 17)@{ Ve }___—
| T d VoL
e ta(R) » | 1
— te(G) —» ! >+ ldis(c)
:4—— t4(GLRH) ———— ] Vi
- v.V‘v’v.v \VAvVAvAVAV VALY, v.v‘v.v’v‘ m
T GO Dom Care XXX | Dan care

NOTE 17:  OQutput may go from high-impedance to an invalid data state prior to the specified access time.
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Appendix A -3DMM Pinout, Routing, and DRAM Data

- TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY
SMGS298C — JUNE 1986 — REVISED NOVEMBER 1990
early write cycle timing
- W - *
§ "f twifiL) g | Vi
RAS N [——\—_
| h d | ! vio
W e — tycian) —— — twrr) —»!
| &— 9mcy be— tacHAy —M
I td(ALCH) » | :
L e e — I
= N /! A
¢ | vy
1 euca) —Se—— | [ M twict) —— -
tyuma) M H-{- ,H———}—':— tyicach ————»
thRa) = e Y(CARH) B
I' | ey T [
. Vin
e AAAANR
sone & & ISR Sor e XXX
| ]
dRLCA) 'r'—" 1ol ety [
H T uwery ————
1 { . u(WRH) —————b}
e (RLW) »
! i | M— thetw —': N
TTOTTTTTTTTD, M tyuwe) vavavaravavaravavavavavavavavassvalill,|
& XX QOO 1 XX XX OO0
W KX Don care KRN ' KRR Do care SCRKLKXCR Vi

Vin

TR T oI
R Do e QXKD e

Vih -

"'."'."""V.""V’""V"".'.V."V""."V’v.' VVVVVVV '.V‘""V.""V"".'."""'".V."'.’.V".'.V’V’V’
onetee e tetetele e el ofofofofofofo.oAm&f0’0?0?0?0fofofofof0fofofofofofofofofofofofofofo

vie
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Appendix A —3DMM Pinout, Routing, and DRAM Data

TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDQM-ACCESS MEMORY
SMGS256C — JUNE 1988 — REVISED NOVEMBER 1980
late write cycle timing
* tew) —»
| 1« twiRL) » ! Vi
= N AN
i) | | ! Vi
—': — % e t(CLAN) » 1w —>
' K——& tamLcy) —-’l‘(RLCH) N IH_:—"(C"NL) e |
L — et — ] Vou
s [ N A N
L L | ' I\
| M tmeca) 1M | et tw(cH) ——>
| | teuca) He——> | | |
thAa) M “—-—*—'F(cmu) —_— |
tsugra) > ' o - tg(canH) Ll v
RRIILTTLTI XSS ™
AD- Do
% QAR Bt 20000 e

ViH

vav,

o B —
A000XRANK B Eara SKXXXXKD

S
QR Darcare XXUXRIORN

AV

L}

viL

I
I I e—tho)—»
e ?"':"‘;’ y >
L LW) »
i ey
oot RIRTTITITITIITR, T TRIIIRRLLIIIITR
004 AR AR QR Bz ViL /oL
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Appendix A -3DMM Pinout, Routing, and DRAM Data

TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY
SMGS258C — JUNE 19806 — REVISED NOVEMBER 1990
read-write/read-modify-write cycle timing
e o e
| e tw(RL) g Vi
RAS A\ J/f—-‘-T\&________
) | | Vi
—» -y ety — | M tw(RH)
! —tgmicy —’: : a7 tacrnL) .
; + H
] ! : A\ iR (AN
{ | | viL
+9 M—thmay 1 [
feuira) e ! 1 lau(ca) : i twicH) ——
: r—'-——"-: : 'd(ﬂLCA;)‘___’:_ ncay -9 kT ]
TAVAVAVAVAVAVAVAVEY G VAVAVAV, ViH
Ao-AS | Row | ! Cotumn ) {Q:Q:Q:QW:O:O:O:O
AVAVAVAVAVAVAVAVA AVaVaval l V'L
; ! | tougwer) —He— |
b tyrLwy ————— teu(WR
» Ig 'w(vd? . ' :"—‘"T_ su(WRH)
- —— : ! | I S NN AAN TXHXXKK ViH
v | ! ! N IR Banveas KK
! tacawty N LALRXXERAAANDSKAKEER,
| | ;ﬂ—h(cv.wu -:’I n_;_ -
! I a0 ¢ ©
: tgcL) M ,H— : Edﬁ rﬂwm
vo- : ,,;o;o;o;o;o;o;o;wo;o;o;o;o; Vin/Vou
004 ; ee Note 17) ; £ IR NARKXXXKK vy vy
e tg () (R 1
-l ——l— thwiLGL)
ety 1| ! e

| = L GHD) :
ATaA"A A A A A AATATA A6 0 e
T Ll ¥ A LT | RO SO0
BIILD A VAT A e QKRR XK

NOTE 17: Output may go from high-impedancs 1o an invaliid dats state prior t0 the specified sccess time.
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Appendix A ~3DMM Pinout, Routing, and DRAM Data

TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY
SMGS256C — JUNE 1968 — REVISED NOVEMBER 1990
enhanced page-mode read cycle timing
_ tw(RH) :ﬂ |
r tw(RL)P e (- vin
fas N ﬂ
o o e
(¢ dRLcL) ——» te) ———» !
1 1
[—————tdaLeH) —————>nl | M—tctRm — | |
P : |H- twict) f—- 'w(CH} u\;"‘ tacting) M vin
CAs } i 1\ :1 l/! ( :1 /| [
11 } I ! b vio
P I ! 1 i Ll
i B B |' —tg - | &
b th(RLCA) i | (CACH) I
R A s
RRTINTIIIXS
sose A o coumn QRS
__“" URLCA) ) U | : l— tn(Cirq) —
*-— u(rd) l 1 i i ;h(ﬂnrd) ] Vi
w T T | |
& o= |V e | X
| .“'_"'O(CA.) “—j 1 (see éez. 19): I _—
g a(R) 1 » —— tycpy —N [ taigCH)
ta(cLz) || (see e 19 | | Vou
0Q1- {see Note 17) 2 (sem Note 18) A
&
——to() ——> ' -ty » |
I W) —H M- —>t tals(@)

y I T D AT,
Mf&?&.\, .ofom&. ,Ioffofofogm%'

NOTES: 17, OQutput may go from high-impedance o an invalid data state prior to the specified access time. .

18. A write cycle or read-modify-write cycie can be mixed with the read cycles as long as the write and read-modify-write timing
specifications are not violsted.

18. Access time is ta(CP) O 13(CA) dependent.
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Appendix A -3DMM Pinout, Routing, and DRAM Data

TMS44C256

262 144-WORD BY 4-BIT

DYNAMIC RANDOM-ACCESS MEMORY
SMGS2S6C — JUNE 1968 — AEVIS|

ED NOVEMBER 19200

enhanced page-mode. write cycle timing

l&(nu)-ﬂ j—

ViH

aavaraarararaaa il
(XX T3
R Bt Ears 560

viL

ViH

RIRTITIIIRRRDD RIRITTTLIIR
K Bort Kok YN (GKX B Eard 00080 e

.'.'.’ "T \V\V/\/\/ V‘V"‘

QAR Berivein XX
V.V : .' \VAVAVAY V"."'.' "'.'.V .V'V \/\/\/\/ V. —n

KK B fard 5000 IR

Pa¥a¥a)

it de NS
e

NOTES: 20. A read cycie or a read-modify-write Cycle can be intermixed with the write Cycles a3 long as the resd and resd-modify-write timing
specifications are not violated.
21. Raferenced to TAS or W, whichever occurs tast.
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Appendix A ~3DMM Pinout, Routing, and DRAM Data

TMS44C256 . -
262 144-WORD BY 4-BIT ‘
DYNAMIC RANDOM-ACCESS MEMORY

SMGS238C — JUNE 1988 —~ REVISED NOVEMBER 1990

enhanced page-mode read-modify-write cycle timing

twiRH) B 1
¢ tw(RLP "
i ViH
RAAS | )
(CLRH) I
t4(RLCL) H ) o Lé—+— t4(CHAL)
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» e ums | [t tw(CH) Lo
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T 5 (XTI
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Vin
vie
Vi’ Vou

ViL/Vot.

Visi
viL

asiongastheresdand ing specifications are not

NOTES: 17. Output may go from high-impedancs to an invaiid data state prioc to the specified access time.
22. A "l b oy nai 4 vrit: '..a. riol

. " "
write cy with Yy
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Appendix A -3DMM Pinout, Routing, and DRAM Data

A TMS44C256
- 262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY
SMGS258C ~ AINE 1888 — REVISED NOVEMBER 1990
RAS-only retresh timing
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Appendix A —=3DMM Pinout, Routing, and DRAM Data

C RANDQM-ACCESS MEM
JUNE 1068 — REVISED NOVEMBER 1990

262 144-WORD BY 4-BIT
hidden refresh cycle (enhanced page mode)

TMS44C256
SMGS286C —
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Appendix A ~3DMM Pinout, Routing, and DRAM Data

TMS44C256

262 144-WORD BY 4-BIT

DYNAMIC RANDOM-ACCESS MEMORY
SMGS268C —~ JUNE 1988 — R E

EVISED NOVEMBER 1900

automatic (CAS-before-RAS) refrash cycle timing
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Appendix A -3DMM Pinout, Routing, and DRAM Data

MOS Memory

DRAMs and VRAMs

Introduction

TI's military DRAM family includes a broad selection of devices for high-density memory design.
Ranging from 64K-bit to 4M-bit densities, TI's military DRAMs are available in several output
configurations and organizations, package options, temperature, and speed performance ranges
to meet your military system requirements.

The 256K DRAMs pl.'ovide upward pin compatibility from the 64K DRAMs. Access times from
row address strobe for these two densities are 120, 150, and 200 ns, with a 256-row 4-ms

refresh cycle.

The high-speed 1M and 4M DRAMs utilize state-of-the-art EPIC™ (Enhanced-Performance
implanted CMOS) technology for high performance, reliability, and low power at a low cost.
This EPIC™ technology permits operation from a single 5-V supply, reducing system power supply
and decoupling requirements and easing board layout.

As the product density increases, product performance is improved. Beginning at the 1M density,
the use of CMOS technalogy provides the benefits of faster access times and lower power
dissipation. Another benefit of CMOS technology is that it allows operation over the full military
temperature range, — 55 °C to 125 °C, which is an increase from the —~ 55 °C to 110 °C operation
of NMOS Dynamic RAMs.

An important area of performance improvement for the 1M-bit DRAM and beyond is the offering
of enhanced page-mode operation. Page-mode operation allows faster access by keeping the
same row address while selecting random column addresses. Unftke page-mode, enhanced page-
mode allows the column address decode and, therefore, data retrieval to begin prior to the
. falling edge of CAS...This allows the memory system to operate at a higher data bandwidth
than conventional page-mode devices.

Texas Instruments offers a complete line of video memory products. Currently available are
the SMJ4161 (64K x 1) video RAM with separate serial-in and serial-out ports, and the SMJ4461
{64K x 4} video RAM with 22-MHz serial-port shift rates. Texas Instruments is continuing its
pursuit of high-density, high-speed video RAMs with the militarization of the SMJ44C250 and
SMJ44C251 1M-bit video RAM. The SMJ44C251 CMOS device offers numerous special
features such as enhanced page-mode, 4 x 4 block write, write-per-bit for selactive writes to
each RAM 1/0, 512-tap serial data registers, color register, masking features, and split-register
transfers. Tl's video RAM is a perfect match for the 340 graphics family processors.

EPIC is a trademark of Texas Instruments Incorporated.
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Appendix A -3DMM Pinout, Routing, and DRAM Data

Nomenclature
Example: SMJ 4Cc1024 - .10 JD M

Prafix /
SM = Standard Prefix, Commercial Processing
SMJ = Class B Processing, JEDEC Publication 101
Clrcuit Designator

Must contain a minimum of four characters

Accass Time
Device types are available with various speeds

Package Type
JO = Side-Brazed Ceramic DIP

FG = Leadless Ceramic Chip Carrier {64K)
FV = Leadless Ceramic Chip Carrier (256K}
HJ = Ceramic J-Leaded Small Outline

FQ = Leadless Ceramic Chip Carrier (1M)
HK = Flatpack (1M)

HM = Leadless Caramic Chip Carrier (4M)
HR = Flatpack {4M)

Temperature Range
Must contain one letter only

M = ~55°C to 125°C

S = —55°C to 110°C (except 4416 and 4161, which are —55°C to 100°C)
L = 0° to 70°C

34
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Appendix A —-3DMM Pinout, Routing, and DRAM Data

Product Spectrum

MAX ACCESS TIME (ns) $PACKAGE TYPE {NO. OF PINS)

DEVICE | TEMP TYPE {FROM ROW STROBE) {JD FG FV HJ FQ HK HR HM
4164 S DRAM 120/150/200 16 18

4256 S DRAM . 120/150/200 16 18

4464 S DRAM 120/150/200 18

4C1024 M DRAM 901/100/120/160 18 20 20 20

44C256 M DRAM 100/120/150 20 207 20

441007 M DRAM 80/100/120 18 20 20
444007 | M DRAM 80/100/120 20 20 20
4461 S VRAM 120/150 24

44c2501 M VRAM 120 28 28

44c2511 M VRAM 120 28 28

ey d preduct. C factory for release dates.

‘Plckaga type

JO = Side-8razed Caramic DIP FQ = Leadless Ceramic Chip Carrier (1M}

FG = Leadless Ceramic Chip Carrier (§4K) HK = Flatpack (1M)

FV = Leadless Caramic Chip Carrier {256K) HM = Leadless Ceramic Chip Carrier (4M)

HJ = Ceramic J-Leaded Small Qutline (1M) HR = Flatpack (4M}
Cross-Reference

COMPANY NOMENCLATURE
T SMJ XXXX-XXYYX
MICRON MT XXXXYY-XX 883C

EPROMs
Introduction

Ti's military memory offering also includes a full family of high-density CMOS UV EPROMs
designed to meet your system requirements.These ultraviolet-light-erasable, electrically
programmable read-only memories are available in densities of 128K bits, 256K bits, and 512K
bits, with a future release of a 1M-bit device planned. Enhanced-speed versions of the 128K-
bit and 256K-bit EPROMs are available to provide reduced-wait-state operation for today’s high-
speed procassors.

The SMJ27C128, SMJ27C256, and SMJ27C512 are fabricated using HYCMOS technology
for high speed and simple interface with MOS and bipolar circuits. All inputs {including data
inputs during programming) can be driven by Series 54 TTL circuits without the use of external
pull-up resistors, and each output can drive one Series 54 TTL circuit without external pull-up
resistors. The data outputs provide three-state operation for connecting multiple devices to
a common bus.




Appendix B —Photo-Plot Images of PMM Laminated Substrate
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Appendix B —Photo-Plot Images of PMM Laminated Substrate
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Appendix B —Photo-Plot Images of PMM Laminated Substrate
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Appendix B —Photo-Plot Images of PMM Laminated Substrate
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Appendix B ~Photo-Plot Images of PMM Laminated Substrate
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Appendix C: Operators Instruction for EMEAP Test Fixture

The purpose of this instruction is to assist the test operator a) to identify the individual parts that make
up this test fixture, b) to understand how to prepare the fixture for use, and c) to perform conducted
susceptibility testing on a number of different test devices using the test fixture. The two test devices -
that are specifically addressed are the 3DMM and PMM. Test fixture set-up for other analog or digital
electronic devices can be accomplished by modifying these instructions as needed.

List of parts:

o Test Fixture (includes 1 cable between top and bottom boards)

e Top & Bottom Adapter Set #1 (includes 2 cables per fixture)

e Top & Bottom Adapter Set #2 (includes 4 cables per fixture)

e Top & Bottom Adapter Set #3 (includes 2 cables per fixture)

e Top & Bottom Adapter Set #4

e Through-Signal Adapters (40)

¢ Diplexer Signal Combiners (6)

e High Speed Op-Amp Signal Combiners (9)

e High Power Op-Amp Signal Combiners (7)

¢ Diplexer + Wide-band Amp Signal Combiners, 500 MHz -2 GHz, 1 Watt (4)
e Diplexer + Wide-band Amp Signal Combiners, 2 GHz to 6 GHz, 2 Watt (2)
e Diplexer + Wide-band Amp Signal Combiners, 2 GHz to 8 Ghz, 1 Watt

e Diplexer + Wide-band Amp Signal Combiners, 6 to 18 GHz, 1 Watt, 2 (2)
e Edge board extender, 140 pin

e 3DMM connector adapters (2)

¢ Signal combiner hold down screws (80+)

Identifying Marks:

e The test fixture has an arrow on top of the top circuit board near one of the access holes. This arrow
indicates the orientation of pin 1 for both the 3DMM and PMM test devices.

e The top adapters and bottom adapters have pin "1" identified for use in orienting them in the same
direction as the test fixture.

e The 3DMM has different color glass seals around the pins. The white glass seal is pin 1. Pin 13,
which is Vss or ground, is connected directly to the case and has no glass seal. Pins 2 through 12
and 14 through 50 have green glass seals.

e When looking at the component side of the PMM with the 140 pin edge connector facing down, pin
1 is the left most contact of the edge connector and pin 70 is the right most pin. Pin 71 is directly
behind pin 70 on the back side of the board and pin 140 is directly behind pin 1.

Use of Signal Combiners in EMEAP Test Fixture:

o Insert all 40 of the through signal adapters into the sockets in the side of the test fixture to run
signals straight from the input connector (bottom) through to the device-under-test connector (top)
of the test fixture. The RF connectors will usually hold these adapters in place for short tests, but we
would recommend using at least the top hold-down screw to hold the combiners securely against the
test fixture.

e When using the high-speed op-amp combiner, high-power op-amp combiner, or the diplexer/wide-
band amp combiner, DC power must be supplied to the test fixture. The red jack is plus 15V, blue is
negative 15 V, and black is common. We would recommend that the power supplies be left floating

Cl




Appendix C: Operators Instruction for EMEAP Test Fixture

(not grounded) and that the ground reference be established through the RF instrumentation. We
would also recommend the use of power supplies with a current rating of at least 10 amps.

When installing any of the DC powered combiners mentioned above, engage the DC contacts before
attempting to push in the RF contacts. You should use at least the top hold-down screw to hold the
combiners securely against the test fixture.

The diplexer signal combiners are designed to work over a frequency range from about 500 KHz to
nearly 18 GHz, but each one does has unique RF characteristics. See Figures 1 through 6 for the
diplexer characteristics between 500 MHz and 20 GHz and Figures 7 and 8 for the low frequency
characteristics of diplexers 1-1 and 2-7. ‘

Figure 9 gives the characteristics of the different types of wideband amplifiers. Figure 10 gives the
gain through the different wideband-amplifier/diplexer signal combiners so that the RF gain through
the interfering signal leg can be calculated at whatever frequency is being used.

The frequency range of the interfering signal for the high-speed op-amp combiner is 1 KHz to
approximately 170 MHz. Several of these combiners have 50 ohm matching resistors at the
interfering signal input for good match, but the maximum power input for these is about 1 watt.
Several of these combiners have 200 ohm matching resistors at the interfering signal input for a near
match but up to +/- 8V signal input.

The frequency range of the interfering signal for the high-power op-amp combiner is 1 Hz to
approximately 90 MHz. Several of these combiners have 50 ohm matching resistors at the
interfering signal input for good match, but the maximum power input for these is about 1 watt.
Several of these combiners have 200 ohm matching resistors at the interfering signal input for a near
match but up to +/- 10V signal input.

Test fixture setup - 3DMMM:

1.

Use the arrow on the test fixture top board to indicate pin 1 of the 3DMM. Plug the 3DMM into the
test fixture with pinl next to the arrow. The cable coming from the automated tester should also be
oriented so that it's pin 1 matches that of the test fixture. The major identifying marks on the 3DMM
are the white glass seal on pin 1 and no glass seal on pin 13. The rest of the pins have green glass
seals. Because the 3DMM has 50 pins and the interface connector on the EMEAP test fixture has 62
pins, it is possible to insert the 3DMM a number of different ways.

Install the 3DMM in the test fixture so that Pin 1 is on the side of the test fixture that is closest to the
arrow near one of the connector access holes. Because the connector interface has 62 pins and the
3DMM has only 50 it is possible to insert it in the test fixture a number of ways. We suggest that
only two positions be used for the 3DMM - all the way to the right in the test fixture and all the way
to the left. By using only these two positions you will be able to test all of the 49 signals and
voltages of the 3DMM on the 40 signal test fixture. The 3DMM signals that do not travel through
one of the 40 signal sites of the test fixture are transferred between top and bottom test fixture
signals layers via a bypass cable. The pin numbers, their corresponding signal name, and signal
location on the test fixture for the two orientations of the 3DMM, are shown in Figure 11.

Insert the 2 - 3DMM cable adapters into the connector from the automated tester. Insert the
cable/adapter from the automated tester into the connector on the bottom board to exactly duplicate
the position of the 3DMM. ‘

The 3DMM should now be ready to test. The cable from the automated tester also includes Vcc and
ground.
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Test fixture setup - PMM:

1.

6.

The PMM has two power supply inputs, Vdd (power supply) and Vpp (programming voltage),
which must be connected correctly or the test devices may be damaged or destroyed. The two power
supply pins are on the non-component (back) side of the PMM. With the 140 pin edge connector
facing down, looking at the back side of the board, the Vdd pin on the PMM is the right pin (pin 42)
and the Programming Voltage pin is the left pin (pin 47). They are on the 80-pin connector pattern
on the top of the PMM, and pin 1 is the square pad.

Locate the signal pins on the PMM as follows: When looking at the component side of the PMM
with the 140 pin edge connector facing down pin 1 is the left most contact of the edge connector and
pin 70 is the right most pin. Pin 71 is directly behind pin 70 on the back side of the board and pin
140 is directly behind pin 1. It is convenient to use the arrow on the test fixture top to indicate pin 1
of the PMM. The cable coming from the automated tester should also be oriented so that it's pin 1
matches pin 1 of the test fixture.

Insert the PMM into the top adapter socket so that pin 1 is next to the "1" silk-screened on the
board. Install the bypass cables on the top adapter before installing it into the top of the test fixture.
To install one of the PMM adapter sets into the EMEAP test fixture position the adapter, with the
cables attached to the top adapter, so that the cables hang through the connector access hole(s).
Insert the adapter pins into the center portion of the 62 pin socket so that there are 3 spare sockets
left in each outside row. Turn the test fixture onto it's top, position the matching bottom adapter next
to the bottom test fixture connector and plug in the bypass cables. Insert the bottom adapter into the
bottom 62 pin connector, observing to leave 3 spare sockets in each outside row just like with the
top adapter. The pin numbers, their corresponding signal name, and signal location on the test
fixture for the three orientations of the PMM, are shown in Figures 12A through 12D.

Turn the test fixture and place it upright. Locate pin 1 on the 140 pin connector coming from the
automated tester. Insert a 140 pin board edge extender into the connector. Position the test fixture
over the automated tester and plug the connector/extender into the bottom connector of the test
fixture observing a pinl to pinl orientation.

Connect Vce from the automated tester to the Vec pin on the PMM. Connect the programming -
voltage clip from the automated tester to the programming voltage pin on the PMM.

7. The test fixture is now ready to test the PMM.
Test planning
1. Set up the test fixture with all 40 of the through-signal adapters installed. Attach it to the test signal

source, which will generally be an automated test system. Make sure the cable is oriented properly
with respect to the intended location of the device under test.

Insert the test device. Run the test program to successful completion to ensure the test system and
test fixture are properly configured.

Determine which signals in the test device are to receive an interfering signal and set up test
parameters. Determine approximate susceptibility level for the test, then begin the test at a power
level somewhat below the susceptibility level.

Remove the through-signal adapter and install the appropriate signal combiner in the test slot
designated for the test. Connect a signal source to the signal combiner. Energize DC power to the
test fixture if required, and energize the signal source.

Run the test by the automated test system and determine whether it met the pass or fail criteria.




Appendix C: Operators Instruction for EMEAP Test Fixture

6. Reconfigure the test equipment or interfering signal level and repeat the test until the fail critéria is

met. This indicates the susecptibility level has been reached.
7. Repeat the test on different test lines, or on more than one test line as needed.
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Figure 1: RF Characteristics of Diplexer 1-1
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Figure 5: RF Characteristics of Diplexer 2-7
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Figure 8: Low Frequency RF Characteristics of Diplexer 2-7

Frequency RF | | +15V Current
Range, GHz Mfg. Model Gain | Pwr. | Case Size, Inches Required
0.5 2 DBS |DBP-0102N533| 40 2 |067]156] 2.91 1.4

2 6 DBS |DBP-0206N533| 30 2 |067]1.56] 2.91 2

2 8 Cemex |CPA02083030 | 30 1 0.38 093] 3.25 1.05

6 18 DBS |[DPT-18616 32 1 067 | 1.56] 3.66 2.5

Figure 9: Summary of Wide-band Amplifiers
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‘ W/B Amp P/N S/N | Diplexer | Frequency Gain

‘ DBP18616 1 1-2 6 35
9 32,5

12 304

15 15.5

16 -12.3

DBP18616 2 1-3 6 33.5
9 29.5

12 - 30

15 20

17 4

DBPO206N533 12 241 2 34.4
4 30.6

6 26.8

DBP0206N533 13 3-1 2 36.7
4 32.8

6 32.8

CPA02063230 2346 2-9 2 427
4 42.8

6 40.7

CPA02063230 2347 | 15 2 41.4
4 38.5

: 6 38.9

CPA02063230 2348 2-8 2 39.1
4 37.9

6 38.7

DBP0O102N533 7 2-5 05 416
1 43.7

1.5 40.5

2 40.3

DBP0102N533 8 2-6 0.5 41.8
1 448

1.5 421

- 2 42.6

DBP0102N533 9 1-6 0.5 39.6
1 40.9

1.5 34.5

2 35.9

DBP0102N533 10 24 |- 05 40.9
1 40

1.5 35.5

.2 354

Figure 10: Gain Through Combined Diplexer/Wide-Band Amplifier
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3DMM | SIGNAL | 3DMM Rt| 3DMM Left]| 3DMM | SIGNAL | 3DMM Rt | 3DMM Left
PIN# ] NAME | TF Pin TF Pin PIN# ] NAME | TF Pin TF Pin
1 |CAS5B 1 26 |RAS4A 21
2 |CAS6B 2 27 |RAS3A | 22
3 |CAS7B 3 28 |RAS2A 23
4 |CAS8B 4 29 |RAS1A 24
5 [A1 5 30 |DQ1 25
6 |A3 6 1 31 |DQ3 21 26
7 IN/IC 7 2 32 |A8 22 27
8 |AS 8 3 33 |WE 23 28
9 |RASSB 9 4 34 |CAS1A 24 29
10 |RAS7B 10 5 35 |CAS2A 25 30
11 |RASEB 11 6 36 |CAS3A 26 31
12 |RASS5B 12 7 37 |CAS4A 27 32
13 |VSS 13 8 38 |vCC 28 33
14 |CASSA 14 9 39 |RAS4B 29 34
15 |CAS6A 15 10 40 |RAS3B 30 35
16 |CAS7A 16 11 41 |RAS2B 3 36
17 |CAS8BA 17 12 42 |RAS1B 32 37
18 |A7 18 13 43 |A6 33 38
18 |G 19 14 44 |A4 34 39
20 |DQ4 20 15 45 |A0 35 40
21 [DQ2 16 46 |A2 36
22 |RAS8A 17 47 |CAS1B 37
23 |RAS7A 18 48 |CAS2B 38
24 |RAS6A 19 49 |CAS3B | = 39
25 |RAS5A 20 50 [CAS4B 40

Figure 11: Pin-out of 3DMM and Orientation in Test Fixture
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PMM | TESTER | SIGNAL }|Adapt| Bypass|Adapt] Bypass | Adapt|Bypass

PIN# |CHANNEL] NAME | #1 #1 #2 #2 #3 | #3
1
2
3
4
5
6
7
8
9
10
11
12
13 34 PMMFL 1 20 39
14 98 LWRITE | 2 1 2
15 35 LADA 3 19 38
16 99 LAD31 4 2 3
17 36 LAD24 5 18 37
18 100 LAD5 6 3 4
19 37 LAD3 7 17 36
20 101 LAD1 8 4 5
21 38 LBA3 9 16 35
22 102 LBA1 10 5 6
23 39 INT3IN | 11 15 34
24 103 INT2 12 6 7
25 40 INTO 13 14 33
26 104 FAILO 14 7 8
27 41 MPER23| 15 13 32
28 105 MPER21| 16 8 9
29 42 MPER19 | 17 12 31
30 106 MPER17 | 18 9 10
31 43 MPER15| 19 11 30
32 107 20 1 11
33 44 MPER13 1 2 29
34 108 MPER11 40 3 12
35 45 MPER9 2 4 28

Figure 12A: Pin-out of PMM and Orientation in Test Fixture
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PMM | TESTER | SIGNAL |Adapt] Bypass|Adapt| Bypass | Adapt|Bypass
PIN# |JCHANNELl NAME | #1 #1 #2 #2 #3 #3
36 109 MPER7 39 5 13
37 46 MPERS5 3 6 27
38 110 MPER3 38 7 14
39 47 MPER1 4 8 26
40 111 MD31 37 9 15
41 48 MD29 5 10 25
42 112 MD27 36 11 16
43 49 MD25 6 12 24
44 113 MD23 35 13 17
45 50 MD21 7 14 23
46 114 MD19 34 15 18
47 51 MD17 8 16 22
48 115 MD15 33 17 19
49 52 MD13 9 18 21
50 116 MD11 32 19 20
51 53 MD9 10 20 1

52 117 MAO 31 20 2

53 54 MA2 11 2 3

54 118 MA4 30 19 4

55 55 MA6 12 3 5

56 119 MAS8 29 18 6

57 56 MA10 13 4 7

58 120 MA12 28 17 8

59 57 MA14 14 5 9

60 121 MA16 27 - 16 10

61 58 MD1 15 6 11

62 122 MD3 26 15 12

63 59 MD5 16 7 13

64 123 MD7 25 14 14 .

65 60 WEIN 17 8 15

66 124 CSE 24 13 16

67 18 9 17

68 23 12 18

69 GND 19 10 19

70 GND 22 11 20

Figure 12B: Pin-out of PMM and Orientation in Test Fixture
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PMM [ TESTER | SIGNAL |Adapt| Bypass|Adapt] Bypass | Adapt|{Bypass
PIN# JCHANNEL] NAME | #1 #1 #2 #2 #3 | #3
140

139

138

137

136

135

134

133

132

131

130

129

128 40 1 2
127 39 20 39
126 38 2 3
125 37 19 38
124 36 3 4
123 35 18 37
122 34 4 5
121 33 17 36
120 32 5 6
119 31 16 35
118 30 6 7
117 29 15 34
116 28 7 8
115 27 14 33
114 26 8 9
113 25 MPER22 | 25 13 32
112 88 MPER20 | 24 9 10
111 24 MPER18 | 23 12 31
110 87 MPER16 | 22 10 11
109 21 40 30
108 23 MPER14 40 39 12
107 86 MPER12 1 38 29
106 22 MPER10 39 37 13
105 85 MPERS 2 36 28

Figure 12C: Pin-out of PMM and Orientation in Test Fixture
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PMM | TESTER | SIGNAL |Adapt} Bypass|Adapt| Bypass | Adapt|Bypass
PIN# JCHANNEL] NAME | #1 #1 #2 #2 #3 | #3
104 21 MPER6 38 35 14
. 103 84 MPER4 3 34 27
102 20 MPER2 37 33 15
101 83 MPERO 4 32 26
100 19 MD30 36 31 16
99 82 MD28 5 30 25
98 18 MD26 35 29 17
97 81 MD24 6 28 24
96 17 MD22 34 27 18
95 80 MD20 7 26 23
94 16 MD18 33 25 19
93 79 MD16 8 24 22
92 15 MD14 32 23 20
91 78 MD12 9 22 21
90 14 MD10 31 21 40

89 77 MD8 10 1 39

88 13 MA1 30 19 38

87 76 MA3 11 2 37

86 12 MAS5 29 18 36

85 75 MA7 12 3 35

84 11 MAS 28 17 34

83 74 MA11 13 4 33

82 10 MA13 27 16 32

81 73 MA15 14 5 31

80 9 MDO 26 15 30

79 72 MD2 15 6 29

78 8 MD4 25 14 28

77 71 MD6 16 7 27

76 7 CSS2 24 13 26

75 70 OE 17 8 25

74 6 CSS 23 12 24

73 18 9 23

72 GND 22 11 22

71 GND 19 10 21

Figure 12D: Pin-out of PMM and Orientation in Test Fixture7
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PRO MAIN PINS

WRITE *

SRR R AR KRR AR KAk ok ok ok ko Aok ek ke Rk ok ko ok ok Ak ok R ok
i* *
i * EVALUATION TEST PROGRAM FOR TEXAS INSTRUMENTS 4M X 4 *
;* DRAM STACKED MEMORY MODULE *
. % *
;************************************************************************

;DATASET NUMBER
STRING DATASET (35)=""

; PART NUMBER
STRING PRTNMBR(25)="SMM"

; PROGRAMMER /AUTHOR
STRING PRGMER(15)="J.L.SHAVER"

;RELEASE DATE
STRING RELDATE(15)="08-SEP-1998"

; REQUIREMENTS
STRING REQS(3S5)=""

;LOAD BOARD
STRING LDBRD(15)="0009"

;LOAD BOARD ID NUMBER - SET WITH ROTARY SWITCHES ON THE PERFORMANCE BOARD
INTEGER BRDID=#0009

glirkkhkddkhhhhhkdehkhdhhhhhrhhhdhhhhrhhhhhhhhhkhkbhhhhhhrhhdkrhhhhrkrrhrhrhdds

PIN CONNECTION LIST

jRdddhkdkhddhhdhhdhhhhkdrhhhrhhhhhhhhhddkkrhhkhrrkhhhhhddhhrhbhkhhrhrhrhdbdddr

Se wa we we w

; TESTER PIN DEVICE PIN TESTER

; CHANNEL NAME PIN NAME CHANNEL

; Y e |

; 133 CASSB I 1 S0 I CAS4B 185

; 134 CAS6B I 2 49 I CAS3B 186

; 135 CAS7B I 3 48 I CAS2B 187

; 136 CASSB I 4 47 I CAS1B 188

i (74) 73 A1 I 5 46 I A2 181 (182)
; (76) 75 A3 I 6 45 I A0 183 (184)
; 137 N/C I 7 44 I A4 53 (54)
; (140) 139 AsS I 8 43 I A6 55 (56)
; 141 RASSB I 9 42 I RAS1B 177

; 142 RAS7B I 10 41 I RAS2B 178

; 143 RAS6B I 11 40 I RAS3B 179

; 144 RASSB I12 39 I RAS4B 180

; GND VSS I 13 38 I vCC PS1

; 145 CASSA I 14 371 CAS4A 173

; 146 CAS6A I 15 36 I CAS3A 174

: 147 CAS7A I 16 35 I CAsS2A 175
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; 148 CAS8A I 17 34 I CAS1A 176

; (22) 21 A7 I 18 33I WE 45

; 23 G I19 32 I A8 47 (48)

; 149 DQ4 I 20 31 I DQ3 41

; 150 DQ2 I21 30T DQ1 42

; 28 RASs8A I 22 29 I RAS1A 165

; 27 RAS7A I 23 28 I RAS2A 166

; 26 RAS6A I 24 27 I RAS3A 167

; 25 RASS5A I 25 26 I RAS4A le8

; dommmmmmm- +

; -
;*********************************************************************

;*************************************

i* PINLISTS *

;*************************************

PINLIST ROWADD = P32,18,43,8,44,6,46,5,45 ;X8->X0

PINLIST COLADD = P59-51 :Y8->Y0

PINLIST RASA = P22-29 ;RASSA->RAS1A

PINLIST RASB = P9-12,39-42 ;RAS8B->RAS1B

PINLIST RAS = RASA,RASB

PINLIST CASA = P17-14,37-34 ; CAS8A->CAS1A

PINLIST CASB = P4-1,50-47 ;CAS8B->CAS1B

PINLIST CAS = CASA,CASB

PINLIST DQ = P20,31,21,30 ;DQ4->DQ1

PINLIST ALLIN = P1-6,8,10-12,14-37,39-50 ;NOTE P9 REMOVED

;*t****************************t******

i * VARIABLES ' *

;***********************ﬁ*********t***

INTEGER TNUM=1

INTEGER SERIAL ;SERIAL NUMBER OF PART BEING TESTED
INTEGER FCNT ;COUNTER TO HOLD NUMBER OF TESTS THAT FAILED
INTEGER LIMCOND : ;FLAG FOR JUDGING MIN AND/OR MAX LIMITS
INTEGER SERNUM ;SERIAL NUMBER OF DUT - FOR OUTPUT ROUTINE
INTEGER MINTYDP ;FLAG USED IN OUTPUT ROUTINE

INTEGER MAXTYP ;FLAG USED IN QOUTPUT ROUTINE

INTEGER RCODE ;FLAG USED IN OUTPUT ROUTINE

INTEGER SEL ;HOLDS MENU SELECTION

INTEGER PN ;COUNT CONTACT FAIL PINS

INTEGER BADBOY ;FAILED PIN NUMBER

GENERAL BADDAT ;FAIL DATA

REAL MAXLIM ;MAXIMUM LIMIT FOR EACH TEST(0 - NO LIMIT)
REAL MINLIM ;MINIMUM LIMIT FOR EACH TEST(0 - NO LIMIT)
STRING PF(8) ;PASS OR FAIL FOR OUTPUT

STRING TSYM(8) ; TEST SYMBOL FOR OUTPUT

STRING TCOND(8)

DIM XPIN(50) ;HOLD CONTACT FAIL PINS
DIM IPINS(43)="CASSB","CAS6B","CAS7B", "CAS8B", "Al", "A3",6 "AS", "RAS8B", "RASTB",@
"RASEB", "RASSB", "CASSA", "CAS6A", "CASTA", "CAS8A", "A7", "G", "RASSA" , "RASTA",@
. IIRASGA" ’ IIRASSA" B "RAS4A" B "RAS3A" , IIRAszA" R IIRASIA" ’ "Aa " B "wE" R "CASlA" . IICAszA" R @
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IICASBA" , "CAS4AII , IIRAS4B" , IIRAS3B" , "RASZB" , lIRASlB" R IIAG ”" , IIA4 n , IIAO " , "AZ " R IICASlBII @
"CASzB","CAsBB“I "CAS4B" !

DIM OPINS(4)="DQ4","DQ3","DQ2","DQL"

INTEGER NOINS=43
INTEGER NOQUTS=4

DEFINE REAL RES(200)

;*****************************************************************************

;R R R R R R

’

; MAIN PROGRAM
;#############################################################################
FCNT = 0 ;INITIALIZE THE FAIL COUNT

;IF INIT KEY HAS BEEN PUNCHED, DISPLAY PROGRAM INFORMATION
IF INIT THEN GOSUB DOINIT

GOSUB DOHEAD

GOSUB DOTESTS

GOSUB DOFOOT

STOP

PR S R R R R R R R R

’

H MAIN TEST ROUTINE

;#############################################################################
DOTESTS:
pREEEE I IRk kAR R A ARk Ak hkhhkhhhh kK

i * TEST FOR PERFORMANCE BOARD *
;*************************************
SET DISPLAY "CONTACT.."
VS1=0V
ISVM MDC=-10UA,M(8V),2V, -2V
LIMIT MDC = 1.5V,-1.5V
MEAS MDC (ALLIN)
IF FAIL THEN ENTRY _
WRITE $4 "**CONTACT FAILURE**" ,//
READ FPIN TO PN, XPIN
WRITE [1,1],"NUMBER OF CONTACT FAILS: ",PN,//
WRITE "PINS:",//
DO CNTCT I=1,PN
BADBOY = XPIN(I)
READ DCT PDATA (P (BADBOY)) TO BADDA
WRITE BADBOY .
WRITE (1,2],BADDAT,/
CNTCT:
STOP
EXIT
SET DISPLAY " "

;*************************************

Hid GROSS FUNCTIONAL TEST *
R L L LS S S L
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SET DISPLAY "GRFUNC"
TSYM "GRFUNC"
TCOND "SOO0KHZ"
MAXLIM 0

MINLIM 0

GOSUB PIN1

GOSUB REF1

GOSUB VIN1

GOSUB TIM1l

SELECT PDS ALPG
SELECT LPAT NORMAL

TEST TNUM

CALL CALB ("FUNC", "NORMAL")
GOTO SKIPl

REG LPAT STA=#50

MEAS LPAT FUNC

IF FAIL THEN RES (TNUM)=0HZ
ELSE RES (TNUM)=1HZ

GOSUB OUTPUT

SKIP1l:

TNUM=TNUM+1

SET DISPLAY "MATS++"

TSYM = "MATS++"

TEST TNUM

REG LPAT STA=#50

REG LPAT SPA=#124

MEAS LPAT MATS

IF FAIL THEN RES (TNUM)=0HZ
ELSE RES (TNUM) =1HZ

GOSUB OUTPUT

TNUM=TNUM+1

;********************************

i * DYNAMIC TEST MENU *

;**i*****************************

SET DISPLAY "TEST MENU"
TEST TNUM

MENUBRB :
GOSUB MENU
GOSUB GETSEL
GOTO (SEL) D1A,D2A,D3A,D4A,DS5A,D6A,D7A,D8A,@
DlB,DZB,D3B,D4B,D5B,DGB,D7B,MENUE,MENUB
D1A: WRITE ([1],/,"TESTING DRAM 1A,/
TSYM="DRAM1A"
REG LPAT STA=#150
REG LPAT SPA=#160
MEAS LPAT MATS
IF FAIL THEN RES (TNUM)=0HZ
ELSE RES {TNUM)=1HZ
GOSUB OUTPUT
GOTO MENUB
D2A: WRITE [1]),/.,"TESTING DRAM 2A", /
- TSYM="DRAM2A"
REG LPAT STA=#160
REG LPAT SPA=#170

D4
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MEAS LPAT MATS
IF FAIL THEN RES (TNUM)=0HZ
ELSE RES (TNUM)=1HZ
GOSUB OUTPUT
GOTO MENURB
D3A: WRITE (1],/,"TESTING DRAM 3A",/
TSYM="DRAM3A"
REG LPAT STA=#170
REG LPAT SPA=#180
MEAS LPAT MATS
IF FAIL THEN RES (TNUM)=0HZ
ELSE RES (TNUM) =1HZ
GOSUB OUTPUT
GOTO MENUB
D4A: WRITE [1],/,"TESTING DRAM 4A",/
TSYM="DRAM4A"
REG LPAT STA=#180
REG LPAT SPA=#190
MEAS LPAT MATS
IF FAIL THEN RES (TNUM) =0HZ
ELSE RES (TNUM) =1HZ
GOSUB OUTPUT
GOTO MENUB
DSA: WRITE [1],/,"TESTING DRAM SA",/
TSYM="DRAMSA"
REG LPAT STA=#1A0
REG LPAT SPA=#1B0O
MEAS LPAT MATS
IF FAIL THEN RES (TNUM)=0HZ
ELSE RES(TNUM) =1HZ
GOSUB OUTPUT
GOTO MENUB
Dé6A: WRITE (1],/,"TESTING DRAM 6A",/
TSYM="DRAMEA"
REG LPAT STA=#1BO
REG LPAT SPA=#1CO
MEAS LPAT MATS
IF FAIL THEN RES (TNUM) =0HZ
ELSE RES (TNUM) =1HZ
GOSUB OUTPUT
GOTO MENUB
D7A: WRITE [1],/,"TESTING DRAM 7A",/
TSYM="DRAM7A"
REG LPAT STA=#1CO
REG LPAT SPA=#1DO
MEAS LPAT MATS
IF FAIL THEN RES (TNUM)=0HZ
ELSE RES (TNUM) =1HZ
GOSUB OUTPUT
GOTO MENUB
D8A: WRITE ([1],/,"TESTING DRAM 8A",/
TSYM="DRAM1A"
REG LPAT STA=#1DO
REG LPAT SPA=#1E0
MEAS LPAT MATS
IF FAIL THEN RES (TNUM)=0HZ
ELSE RES (TNUM) =1HZ
GOSUB OUTPUT
GOTO MENUB
D1B: WRITE [1],/,"TESTING DRAM 1B",/




D2B:

D3B:

D4B:

DSB:

D6B:

D7B:
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TSYM="DRAM1B"

REG LPAT STA=#1E0

REG LPAT SPA=#1F0

MEAS LPAT MATS

IF FAIL THEN RES(TNUM)=0HZ
ELSE RES (TNUM) =1HZ

GOSUB OUTPUT

GOTO MENUB

WRITE [1],/,"TESTING DRAM 2B",/
TSYM="DRAM2B"

REG LPAT STA=#1F0

'REG LPAT SPA=#200

MEAS LPAT MATS

IF FAIL THEN RES (TNUM)=0HZ

ELSE RES (TNUM) =1HZ

GOSUB OUTPUT

GOTO MENUB

WRITE [11,/,"TESTING DRAM 3B",/
TSYM="DRAM3B"

REG LPAT STA=#200

REG LPAT SPA=#210

MEAS LPAT MATS

IF FAIL THEN RES (TNUM) =0HZ

ELSE RES (TNUM) =1HZ

GOSUB OUTPUT

GOTO MENUB

WRITE [(1],/,"TESTING DRAM 4B",/
TSYM="DRAM4B"

REG LPAT STA=#210

REG LPAT SPA=#220

MEAS LPAT MATS

IF FAIL THEN RES (TNUM)=0HZ

ELSE RES (TNUM) =1HZ

GOSUB OUTPUT

GOTO MENUR

WRITE [(1],/,"TESTING DRAM SB",/
TSYM="DRAMSB"

REG LPAT STA=#220

REG LPAT SPA=#230

MEAS LPAT MATS

IF FAIL THEN RES (TNUM)=0HZ

ELSE RES (TNUM) =1HZ

GOSUB OUTPUT

GOTO MENUB

WRITE [1],/,"TESTING DRAM 6B",/
TSYM="DRAM6B"

REG LPAT STA=#230

REG LPAT SPA=#240

MEAS LPAT MATS

IF FAIL THEN RES (TNUM)=0HZ

ELSE RES (TNUM) =1HZ

GOSUB OUTPUT

GOTO MENUB

WRITE ([1],/,"TESTING DRAM 7B",/
TSYM="DRAM7B"

REG LPAT STA=#240

REG LPAT SPA=#250

MEAS LPAT MATS

IF FAIL THEN RES (TNUM)=0HZ

ELSE RES (TNUM) =1HZ
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GOSUB QUTPUT
GOTO MENUB

MENUE:

;*************************************

P DYNAMIC SUPPLY CURRENT *
;i************************************
SET DISPLAY "ICC"

TSYM nICCh

TCOND "11.1MHZ"

MAXLIM = 160MA

MINLIM 0

GOSUB PIN1
GOSUB REF1
GOSUB VIN1
GOSUB TIM1

VSIM UDC = 5.5V,R8V,M(300MA), 1A, -1A
TEST TNUM

MCON=1

CALL CALB("ICC","NORMAL")
SEND LPAT FUNC

REG LPAT STA=#50

SRON

START LPAT *

MEAS UDC:RES (TNUM)

STOP LPAT

SROF

MCON=0

GOSUB OUTPUT
TNUM=TNUM+1

GOTO CONTINUE

;**************************************

i OUTPUT LEAKAGE CURRENT LOW *
;**************************************
SET DISPLAY "IOZL"

TSYM "IOZL"

MAXLIM 10UA

MINLIM -10UA

GOSUB PIN1
GOSUB REF1
GOSUB VIN1
GOSUB TIM1

VSIM UDC=0.0V,M(AUTO)

DO IOQOLL I=1,NOOUTS

DQ(I)=UDC

TEST TNUM

MEAS UDC:RES (TNUM)
SROF




Appendix D — 3DMM Test Program

TCOND = OPINS(I)
GOSUB OUTPUT
TNUM=TNUM+1

IOLL:

e Y 12 22224222222 X222 R 2 R a2 s sl il

Hd OUTPUT LEAKAGE CURRENT HIGH *

’
;*************************************i

SET DISPLAY "IOZE"
TSYM = "IOZH"
MAXLIM = 10UA
MINLIM = -10UA

GOSUB PIN1
GOSUB REF1
GOSUB VIN1
GOSUB TIM1

VSIM UDC=5.5V,M(AUTO)
DO IOLH I=1,NOOUTS

DQ(I)=UDC

TEST TNUM

MEAS UDC:RES (TNUM)
SROF

TCOND = OPINS(I)
GOSUB OUTPUT
TNUM=TNUM+1

IOLH:

;*******i*************************t***

i INPUT LEAKAGE CURRENT - LOW  *
;*************************************
SET DISPLAY "IIL"

TSYM = "IIL"

MAXLIM = 10UA

MINLIM = -10UA

GOSUB PIN1
GOSUB REF1
GOSUB VIN1
GOSUB TIM1

VSIM UDC=0.0V,M(AUTO)
DO ILIL I=1,NOINS

ALLIN(I)=UDC
TEST TNUM
MEAS UDC:RES (TNUM)
SROF
TCOND = IPINS(I)
GOSUB OUTPUT
TNUM=TNUM+1

ILIL:

;*************************************
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;*************************************

SET DISPLAY "IIH"
TSYM

MAXLIM
MINLIM

n IIH"
10UA
-10U0A

DO ILIH I=1,NOINS
SELECT RETRY ENABLE
VSIM UDC=5.5V,M(AUTO)
ALLIN(I)=UDC
TEST TNUM
MEAS UDC:RES (TNUM)
SROF
TCOND = IPINS(I)
GOSUB OQUTPUT
TNUM=TNUM+1

ILIH: :

SELECT RETRY DISABLE

;********************************

i OUTPUT VOLTAGE - LOW *
;********************************
SET DISPLAY "VOL"

TSYM = "VOL"

MAXLIM = 0.4V

MINLIM = 0

GOSUB PIN1
GOSUB REF1
GOSUB VIN1
GOSUB TIM1

CALL CALB ("GFUNC", "NORMAL")
DO VOLA I=1,NOOUTS

DQ(I)=IN3,NRZA,ACLK2,0UT2,STRBl,ILl,VTl,DREl,DRERZ,<FIXL>
HI=1.5V

LO=0.01V

TRY=0.7V

VOL1:
OUT2=2.4V,TRY

TEST TNUM

MEAS LPAT GRFUNC
‘ IF FAIL THEN LO=TRY
; ELSE HI=TRY
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P INPUT LEAKAGE CURRENT - HIGH *

TRY= (HI-LO) /2+LO
IF HI-TRY>2.0MV THEN GOTO VOL1

RES (TNUM) =TRY
TCOND = OPINS(I)
) GOSUB OUTPUT
| DQ(I) =IN3,NRZA,ACLK2,0UT1, STRB1, IL1, VT1,DRE1, DRERZ, <FIXL>
TNUM=TNUM+1 .
| VOLA :

;*************************************
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;* OUTPUT VOLTAGE - HIGH *

;******************************i***t**

SET DISPLAY "VOH"

TSYM = "VOH"
MAXLIM = 0
MINLIM = 2.4V

CALL CALB ("GFUNC", "NORMAL")
DO VOHA I=1,NOOUTS

DQ(I)=IN3,NRZA,ACLK2,0UT2,STRB1, IL1,VT1,DRE1l, DRERZ, <FIXH>
HI=5.0V

LO=1.0V
TRY=2.4V
VOH1:

OUT2=TRY, 0.8V

TEST TNUM

MEAS LPAT GRFUNC

IF FAIL THEN HI=TRY

ELSE LO=TRY

TRY=(HI-LO) /2+LO

IF HI-TRY>2.0MV THEN GOTO VOH1l

RES (TNUM) =TRY
TCOND = QOPINS(I)
GOSUB OUTPUT
DQ(I)=IN3,NRZA,ACLKZ,OUTI,STRBI,ILl,VTl,DREl,DRERZ,<FIXH>
TNUM=TNUM+1

VOHA :

;********************i********************i****

Hd INPUT VOLTAGE - LOW (ADBUS_L) *
P LI R S S A LR A e AT A AR bbb
SET DISPLAY "VIL" '
TSYM = "VIL"

TCOND = "ADBUS_L"

MINLIM = 0.8V

MAXLIM = 0

HI=3.0V

L0=0.01V

TRY=50MV

TEST TNUM
ROWADD=IN2,NRZA,6ACLK1, <X8-0>

VIL1:
TEST TNUM
IN2=3V, TRY
MEAS LPAT FUNC
IF FAIL THEN HI=TRY
ELSE LO=TRY
TRY=(HI-LO) /2+LO
IF HI-TRY>2.0MV THEN GOTO VIL1

RES (TNUM) =TRY

GOSUB OUTPUT
TNUM=TNUM+1

;*************************************************
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i * INPUT VOLTAGE - LOW (DATA BUSES) *

;*************************************************

; DBUSL=IN2,NRZA,ACLK2,0UT1, STRB1, IL1,VT1,DRE1l, DRERZ, <D0-7>
;DBUSR=IN2,NRZA,ACLK2,0UT1, STRB1, IL1,VT1l,DRELl, DRERZ, <D10-17>

HI=3.0V

LO=0.01V
TRY=50MV
TEST TNUM

VIL3:

IN2=3V,TRY
MEAS LPAT FUNC
IF FAIL THEN HI=TRY
ELSE LO=TRY
TRY=(HI-LO) /2+LO
IF HI-TRY>2.0MV THEN GOTO VIL3

RES (TNUM) =TRY

TCOND (1, 8)="DATA BUS"

GOSUB OUTPUT

TNUM=TNUM+1
;DBUSL=IN3,NRZA,ACLK2,0UT1,STRB1, IL1,VTl,DRE1l, DRERZ, <D0O-7>
;DBUSR=IN3,NRZA,ACLK2,0UT1,STRB1, IL1,VT1,DRE1l, DRERZ, <D10-17>

;***********************************************

i* INPUT VOLTAGE - LOW (/WE PINS) *

;***********************************************

HI=3.0V

LO=0.01V

TRY=20MV

TEST TNUM

;WEPINS = IN2,/RZZ,BCLKl

VIL4:

IN2=3V,TRY
MEAS LPAT GRFUNC
IF FAIL THEN HI=TRY
ELSE LO=TRY
TRY=(HI-LO) /2+L0O
IF HI-TRY>2.0MV THEN GOTO VIL4

RES (TNUM) =TRY

;WEPINS = IN1,/RZZ,BCLK1
TCOND(1,8)=" WE PINS"

GOSUB OUTPUT

TNUM=TNUM+1

;***********************************************

Hid INPUT VOLTAGE - LOW (/CE PINS) *
R I R e s R A AL ALt e LR A A

;CEL = IN2,/R2Z,BCLK2
;CER = IN2,/R2Z,BCLK3
HI=3.0V

LO=0.01V
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TRY=50MV
TEST TNUM

VILS:
IN2=3V,TRY

MEAS LPAT GRFUNC
IF FAIL THEN HI=TRY
ELSE LO=TRY
TRY=(HI-LO) /2+LO
IF HI-TRY>2.0MV THEN GOTO VILS

RES (TNUM) =TRY

iCEL IN1, /RZZ,BCLK2
;CER IN1, /R2Z,BCLK3
TCOND(1,8)=" CE PINS"
GOSUB OUTPUT

TNUM=TNUM+1

;************i**********************************

Hhd INPUT VOLTAGE - LOW (/OE PINS) *

;******i****************************************

;OEPINS = IN2,/RZZ,BCLK4
HI=3.0V

LO=0.01V

TRY=50MV

TEST TNUM

VIL6:

IN2= 3V,TRY

MEAS LPAT GRFUNC
IF FAIL THEN HI=TRY
ELSE LO=TRY
TRY= (HI-LO) /2+LO
IF HI-TRY>2.0MV THEN GOTO VIL6

RES (TNUM) =TRY

;OEPINS = IN1,/R2Z,BCLK4
TCOND(1,8)=" OE PINS"

GOSUB OUTPUT

TNUM=TNUM+1

;********************************i****

i* INPUT VOLTAGE - HIGH *
;******************************i******
SET DISPLAY "VIH"

TSYM = "VIH"

MAXLIM = 2.2V

MINLIM = 0

;*#********VIH FOR ADDRESS BUS LEFT**#** %+
;ADBUSL=IN2,NRZA,ACLK1, <X0-10>
HI=3.0V

LO=1.0V
TRY=3.0V
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TEST TNUM
VIH1:

IN2 = TRY,0.0V
MEAS LPAT GRFUNC
IF FAIL THEN LO=TRY
ELSE HI=TRY
TRY=(HI-LO) /2+LO
IF HI-TRY>2.0MV THEN GOTO VIH1

RES (TNUM) =TRY
;ADBUSL=IN1,NRZA, ACLK1, <X0-10>
TCOND(1,8)=" ADBUS_L"

GOSUB OUTPUT

TNUM=TNUM+1

sr*kxkARN***VIH FOR DATA BUSH**wxsrsnd

;DBUSL=IN2,NRZA,ACLK2,0UTl,STRBl,ILl,VTl,DREl,DRERZ,<D0-7>
;DBUSR:INZ,NRZA,ACLKZ,OUTl,STRBl,ILl,VTl,DREl,DRERZ,<D10-17>

HI=3.0V
LO=1.0V
TRY=3.0V
TEST TNUM

VIH3:

IN2=TRY, 0.0V
MEAS LPAT GRFUNC
IF FAIL THEN LO=TRY
ELSE HI=TRY
TRY= (HI-1O) /2+LO
IF HI-TRY>2.0MV THEN GOTO VIH3

RES (TNUM) =TRY
;DBUSL=IN3,NRZA,ACLK2,0UTl,STRBl,ILl,VTl,DREl,DRERZ,<D0-7>
;DBUSR=IN3,NRZA,ACLK2,0UTl,STRBl,ILl,VTl,DREl,DRERZ,<D10-17>
TCOND(1,8)="DATA BUS" '

GOSUB OUTPUT

TNUM=TNUM+1

;R*Ekkkx kR AUTH ON /WE PINSHExkkdrdhdhssk
;WEPINS = 1IN2,/RZZ,BCLKl

HI=3.0V

LO=1.0V

TRY=3.0V

TEST TNUM

VIH4:

IN2=TRY, 0.0V
MEAS LPAT GRFUNC
IF FAIL THEN LO=TRY
ELSE HI=TRY
TRY=(HI-LO) /2+LO
IF HI-TRY>2.0MV THEN GOTO VIH4
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RES (TNUM) =TRY

;WEPINS = 1IN1,/RZ2Z,BCLK1
TCOND(1,8)=" WE PINS"

GOSUB OUTPUT

TNUM=TNUM+1

jrkeexkxr**YTH ON /CE PINS***ha*hdknrks

;CEL = IN2,/RZ2Z,BCLK2
;CER = IN2,/RZZ,BCLK3
HI=3.0V

LO=1.0V

TRY=3.0V

TEST TNUM

VIHS:

IN2=TRY, 0.0V
MEAS LPAT GRFUNC
IF FAIL THEN LO=TRY
ELSE HI=TRY
TRY= (HI-LO) /2+LO
IF HI-TRY>2.0MV THEN GOTO VIHS

RES (TNUM) =TRY

;CEL = IN1,/RZ2Z,BCLK2
i CER = IN1,/RZZ,BCLK3
TCOND(1,8)=" CE PINS"
GOSUB OUTPUT

TNUM=TNUM+1

jueRRkkkk***UIH ON /OE PINS***awdrhkdddn

;OEPINS = IN2,/RZZ,BCLK4
HI=3.0V

LO=1.0V

TRY=3.0V

TEST TNUM

VIHE:

IN2=TRY, 0.0V
MEAS LPAT GRFUNC
IF FAIL THEN LO=TRY
ELSE HI=TRY
TRY=(HI-LO) /2+LO
IF HI-TRY>2.0MV THEN GOTO VIH6é

RES (TNUM) =TRY

;OEPINS = IN1,/RZZ,BCLK4
TCOND(1,8)=" OE PINS"

GOSUB OUTPUT

TNUM=TNUM+1

GOTO CONTINUE j***kk*xkxxx END OF TESTS dkdedhhkdkddk
pREkkd kAR Rk kR kk kR Ak ke khh Rk kkkkkk

i* DATA OUTPUT SUBROUTINE *
R e LR A L A AR S A A
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OUTPUT:

TCOND=ASCII (TCOND, 2,8)
TSYM=ASCII(TSYM, 2, 8)

LIMCOND=0 ; INITIALIZE FOR BOTH MAX & MIN LIMITS
PF="PASS " ;ASSUME INNOCENT -UNTIL PROVEN GUILTY
OMIN=MINLIM ; INITIALIZE MIN LIMIT OUTPUT VARIABLE

OMAX=MAXLIM ;INITIALIZE MAX LIMIT OUTPUT VARIABLE

MINTYP=CODE (MINLIM)
MAXTYP=CODE (MAXLIM)

IF MINTYP=2 AND MAXTYP<>2 THEN LIMCOND=1;NO MINIMUM LIMIT
IF MAXTYP=2 AND MINTYP<>2 THEN LIMCOND=2;NO MAXIMUM LIMIT
IF MAXTYP=2 AND MINTYP=2 THEN LIMCOND=3 ;NEITHER MAX LIMIT OR MIN LIMIT

IF LIMCOND=0 THEN ENTRY ;JUDGE BOTH LIMITS
IF RES(TNUM)<MINLIM OR RES (TNUM)>MAXLIM THEN PF="FAIL ***!
EXIT

IF LIMCOND=1 THEN ENTRY ;JUDGE ONLY MAXIMUM LIMIT
OMIN="NONE "
IF RES (TNUM) >MAXLIM THEN PF="FAIL ***"
EXIT

IF LIMCOND=2 THEN ENTRY ;JUDGE ONLY MINIMUM LIMIT
OMAX="NONE "
IF RES(TNUM)<MINLIM THEN PF="FAIL ***"
EXIT

IF LIMCOND=3 THEN ENTRY ;TEST IS FUNCTIONAL, NO JUDGE LIMITS
OMAX="NONE "
OMIN="NONE "
IF RES(TNUM) =0HZ THEN PF="FAIL ***"
EXIT

IF PF(1,1)="F" THEN ENTRY
FCNT=FCNT+1 ; TRACK TOTAL # OF FAILED TESTS
EXIT

IF FK=.1 THEN ENTRY
WRITE [1,2(6,0)] TNUM,"
WRITE ([1,4(8,0)] TsSyM," "
WRITE [1,4(8,0)] TCOND," "
WRITE [1,2(11,3)] omax,"
WRITE {1,2(11,3)] OMIN," "
RCODE=CODE (RES (TNUM) )
IF RCODE=2 THEN WRITE (1,2(8,3)] RES(TNUM)," "
ELSE WRITE [1,2(11,3)] RES(TNUM)," "
WRITE [1,2(9,3)] PF,/
EXIT

GOTO CONTINUE

; S R

i WRITE FOOTER ROUTINE

:'#############################################################################
DOFOOT:
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READ CNT99 TO SERNUM

IF FCNT=0 THEN ENTRY
WRITE (1] / "SERIAL NUMBER ", SERNUM, "PASSES" /
RESET RESULT 3

EXIT

ELSE ENTRY
WRITE (1] / "SERIAL NUMBER ",SERNUM, "** FATLS #**n" /
SET RESULT 3

EXIT

GOTO CONTINUE .
;#############################################################################

’

H WRITE HEADER ROUTINE

;#############################################################################
DOHEAD:

STRING XTIME(17)

IF FK=.1 THEN ENTRY
WRITE ?<14>?

WRITE [1] "DATASET: " DATASET /
WRITE [1] "PART NUMBER: " PRTNMBR /
XTIME=GDAY (1)

WRITE [1] "DATE: " XTIME /

READ CNT99 TO SERNUM

WRITE (1] "SERIAL NO.: " SERNUM //

WRITE [1] " TEST sYM COND MAXIMUM MINIMUM RESULT

WRITE [1] "------  memmmeeno aoooo oollllillll Lllllllll LTSI
EXIT )

GOTO CONTINUE
;#############################################################################

’

H INITIALIZATION ROUTINE

;#############################################################################
DOINIT:

RESET DISPLAY
WRITE [1] ?<14>?

WRITE (1] // "DATASET: " DATASET /

WRITE [1] "PART NUMBER : " PRTNMBR /

WRITE [1] " AUTHOR : " PRGMER /

WRITE [1] "RELEASE DATE: " RELDATE /

WRITE [1] "REQUIREMENTS: " REQS /

WRITE [1,5(4)] "LOAD BOARD: " BRDID //

WRITE (1] "NOTE: DATA LOGGING IS CONTROLLED BY FUNCTION KEY #1. DATA LOG" /
WRITE (1] DESTINATION IS SET USING THE 'S' CONTROLLER COMMAND." //
INITL:

WRITE [1] "PRESS <S> TO STOP",/

INPUT [1,4(0)] <C> TO CONTINUE ",C,/
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ELSE IF C<>"C" THEN GOTO INIT1

READ PBID TO I
IF I<>BRDID THEN ENTRY
WRITE [1] / "WRONG PERFORMANCE BOARD!" /

WRITE [1,5(4)] "BOARD ID NUMBER: " I /
WRITE ({1,5(4)] "SHOULD BE: " BRDID //
STOP
EXIT

|
IF C="S" THEN STOP
GO TO CONTINUE

;**************************************

i* SUBROUTINES FOR INITIALIZATION *

;**************************************

PIN1: ; PIN CONNECTIONS FOR FUNCTIONAL TESTS

ROWADD=IN1,NRZB,BCLK1l,MUX,<Y8-0,X8-0>
COLADD=IN1,NRZB, BCLK2, <X8-0>

RAS=IN1, /RZZ,BCLK3

CAS=IN1, /RZZ, BCLK4

WE=IN1, /RZZ, BCLKS5

DQ=IN1, XOR,ACLK1l,BCLK6,0UT1,VT1, ILl, STRB1,DRE1l,DRERZ, <D3-0>
G=IN1, /RZZ,BCLK7

GOTO CONT

PIN2: ; PIN CONNECTIONS FOR IOZH/L TESTS
ROWADD=IN1, FIXL

COLADD=IN1, FIXL

RAS=IN1,FIXH

CAS=IN1,FIXH

WE=IN1,FIXH

DQ=0OPEN

G=IN1l,FIXH

GOTO CONT

VIN1: ; NOMINAL LEVELS FOR FUNCTIONAL TEST

VS1=5.0V
IN1=3.0V,0.0V
OUT1=2.0V,1.0V
IL1=-1MA,1MA
VT1l=1.5V

GOTO CONT

VIN2: ; NOMINAL SUPPLY VOLTAGE FOR FUNCTIONAL TEST

VS1=5V
IN1=2.4V,0.7V
0UT1=2.4V, 0.4V
IL1=-1MA,1MA
VIl=1.5V

GOTO CONT

VIN3: ; MAXIMUM SUPPLY VOLTAGE FOR FUNCTIONAL TEST

VS1=5.5V
IN1=2.4V,0.7V
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OUT1=2.4V, 0.4V
IL1=-1MA, 1MA
VT1l=1.5V

GOTO CONT

VING: ; MINIMUM SUPPLY VOLTAGE FOR FUNCTIONAL/SPEED TEST

VS1=4.5V
IN1=4.5V,0V
OUT1=1.5V,1.5V
IL1=-1MA, 1IMA
VT1l=1.5V

GOTO CONT

VINS: ; NOMINAL SUPPLY VOLTAGE FOR FUNCTIONAL/SPEED TEST

VS81l=5.0V
IN1=5.0V,0V
OUT1=1.5V,1.5V
IL1=-1MA, 1MA
VTl=1.5V

GOTO CONT

VING: ; MAXIMUM SUPPLY VOLTAGE FOR FUNCTIONAL/SPEED TEST

VS1=5.5V
IN1=5.5V,0V
OUT1=1.5V,1.5V
IL1=-1MA,1MA
VT1l=1.5V

GOTO CONT

VIN7: ; NOMINAL SUPPLY VOLTAGE FOR ACCESS TIME TEST

VS1=5V
IN1=5.0V, 0V
OUT1=3.0V,0.4V
IL1=-1MA,1MA
VT1=1.5V

GOTO CONT

VINS: ; NOMINAL SUPPLY VOLTAGE FOR FUNCTIONAL TEST

VS1=5V
IN1=5.0V,0V
OUT1=2.4V,0.4V
IL1=-1MA, 1MA

VT1l=1.5V

GOTO CONT

REF1: ; POWER ON SEQUENCE FOR ALL TESTS
TIME2=10MS : VS1 . ;VCC
TIME3=1MS : OTHERS

GOTO CONT

TIM1: ; LOWERED TO S500KHZ TO COMPENSATE FOR LONG WIRING
RATE= 2000NS ;500KHZ

BCLKl= 100NS ;ROW ADDRESS
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CCLK1= 400NS

BCLK2= 700NS ;COL ADDRESS
CCLK2= 1000NS

BCLK3= 200NS ;RAS
CCLK3= 1400NS

BCLK4= BOONS ;CAS
CCLK4= 1200NS

BCLK5= 900NS ;WE
CCLK5= 1200NS

ACLKl= ONS ;DQ
BCLK6= B80O0ONS
CCLK6= 1100NS
STRB1= 1200NS
DREL1= ONS

DRET1= 1150NS

BCLK7= 750NS He)
CCLK7= 1500NS

GOTO CONT
;TIM1: ; RELAXED TIMINGS FOR FUNCTIONAL TESTS
;RATE= 400NS ;2.5MHZ

;BCLKl= 20NS ;ROW ADDRESS
;CCLK1= 80NS

;BCLK2= 140NS ; COL ADDRESS
;CCLK2= 200NS

;BCLK3= 40NS ;RAS
;CCLK3= 280NS

;BCLK4= 160NS ; CAS
;CCLK4= 240NS

;BCLKS= 180NS ;WE
;CCLKS5= 240NS

;ACLKl= ONS ;DQ
;BCLK6= 160NS
;CCLK6= 220NS
;STRB1= 240NS
;DREL1= ONS

;DRET1= 230NS

;BCLK7= 150NS ;G
;CCLK7= 300NS

;GOTO CONT

TIM2: ; TIMINGS FOR FUNCTIONAL/SPEED TESTS

RATE= 200NS
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BCLKl1= 10NS ;ROW ADDRESS
CCLK1= 40NS

BCLK2= 70NS ;COL ADDRESS
CCLK2= 100NS

BCLK3= 20NS iRAS
CCLK3= 140NS

BCLK4= 80NS ;CAS
CCLK4= 120NS

BCLKS= 90NS ;WE
CCLK5= 120NS

ACLKl= ONS :DQ
BCLKé6= 80NS

CCLKé= 110NS
STRB1= 120NS

DREL1= ONS

DRET1= 230NS

GOTO CONT

MENU :
WRITE [1]),/,"DYNAMIC TEST MENU"
WRITE [1],/,"-===-=-mm==om-mu- "
WRITE [1],/," DRAM 1A"
WRITE (1],/," DRAM 2A"
WRITE (1],/," DRAM 3A"

1
2
3
WRITE (11./," 4
WRITE (1},/," S
WRITE [(1].,/," 6
WRITE [(1],/.," 7
WRITE [1].,/." 8
WRITE [1),/," 9
WRITE (11,/," 10
WRITE (11,/," 11
WRITE [(1],/." 12
WRITE [1],/," 13
WRITE [1],/." 14
WRITE [1]1,/," 15
WRITE [1],/." 16

Wn® BN NN
§
H
w

GOTO CONT
GETSEL:
INPUT [1,7(0)] "YOUR CHCICE? ", SEL
IF SEL<0 OR SEL>16 THEN SEL=17
GOTO CONT

END
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SOCKET PINS ; for STACKED MEMORY MODULE
; PIN=CHANNEL PIN
P1=133=CAS5B ; '

P2=134=CAS6B ;
P3=135=CAS7B ;
P4=136=CAS8B ;

P5=73=Al ; MUX ON 74

P6=75=A3 ; MUX ON 76

;P7=137=N/C ;

P8=139=A5 ; MUX ON 140
P9=14=RAS8B ;

P10=142=RAS7B  ;
P11=143=RAS6B ;
P12=144=RASS5B  ;
; P13=0=VSS ;
P14=145=CAS5A  ;
P15=146=CAS6A  ;
P16=147=CASTA  ;
P17=148=CAS8A  ;

P18=21=A7 ; MUX ON 22
P19=23=G ;
P20=149=DQ4 ;
P21=150=DQ2 ;

P22=28=RAS8A ; -
P23=27=RASTA ;
P24=26=RAS6A ;
P25=25=RAS5A ;
P26=168=RAS4A ;
P27=167=RAS3A ;
P28=166=RAS2A :
P29=165=RAS1A ;

P30=42=DQ1 H
P31=41=DQ3 ;
P32=47=A8 ; MUX ON 48
P33=45=WE ;

P34=176=CAS1A ;
P35=175=CAS2A ;
P36=174=CAS3A °;
P37=173=CAS4A ;
; P38=0=VCC ;
P39=180=RAS4B ;
P40=179=RAS3B ;




P41=178=RAS2B
P42=177=RAS1B
P43=55=A6
P44=53=74
P45=183=A0
P46=181=A2
P47=188=CAS1B
P48=187=CAS2B
P49=186=CAS3B
P50=185=CAS4B
P51=184=A0M
P52=74=A1M
P53=182=A2M
P54=76=A3M
P55=54=A4M
P56=140=A5M
P57=56=A6M
P58=22=A7M
P59=48=A8M

END

Appendix D: 3DMM Test Program

MUX ON 56
MUX ON 54
MUX ON 184
MUX ON 182
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LPAT MATS PINS ; FUNCTIONAL FOR 256K X 1 X 16 DRAM, 8MS REFRESH
DEFINE D1IMX1

COMMON INIT,RAS,@
RS1A,RS2A,RS3A, RS4A, RS5A, RS6A,RS7A,RS8A, @
RS1B,RS2B, RS3B, RS4B,RS5B,RS6B, RS7B, RS8B, @
RD1A, RD2A, RD3A, RD4A, RDSA, RD6A, RD7A, RD8A, @
RD1B,RD2B, RD3B, RD4B, RD5B, RD6B, RD7B, RD8B, @
WR1A,WR2A, WR3A,WR4A, WR5A, WR6A, WR7A,WRBA, @
WR1B, WR2B, WR3B, WR4B, WR5B, WR6B, WR7B, WREB

CHANNEL 33,19,@
29,34,28,35,27,36,26,37,25,14,24,15,23,16,22,17,@
42,47,41,48,40,49,39,50,12,1,11,2,10,3,9,4,@
32,59,18,58,43,57,8,56,44,55,6,54,46,53,5,52,45,51,@
20,31,21,30

PFDEF

FIELD ALL<33,19,29,34,28,35,27,36,26,37,25,14,24,15,23,16,22,17,@
42,47,41,48,40,49,39,50,12,1,11,2,10,3,9,4,@
32,59,18,58,43,57,8,56,44,55,6,54,46,53,5,52,45,51, @
20,31,21,30>

; RCRCRCRCRCRCRCRCRCRCRCRCRCRCRCRC

; AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA A A A A A ARA

; $SS5555555SSSSS55555555555S5588s8 7 6 5 4 3 2 1 0 DDDD
; W 11223344556677881122334455667788 A A A A A A A A AQQQQ
; EGAAAAAAAAAAAAAAAABBBRBBBBBBBBBBEB 8 7 6 5 4 3 2 1 04321

INIT = 1111111111111111111111111111111111000000000000000000XXXX
RD1A = 1000111111111111111111111111111111000000000000000000LLLL

RD2A = 1011001111111111111111111111111111000000000000000000LLLL
RD3A = 10111100111111311111111111111111111000000000000000000LLLL
RD4A = 1011111100111111111111111111111111000000000000000000LLLL
RD5A = 1011111111001111111111111111111111000000000000000000LLLL
RD6A = 1011111111110011111111111111111111000000000000000000LLLL
RD7A = 1011111111111100111111111111111111000000000000000000LLLL

RDSA = 1011111111111111001111111111111111000000000000000000LLLL
RD1B = 1011111111111111110011111111111111000000000000000000LLLL
RD2B = 1011111111111111111100111111111111000000000000000000LLLL
RD3B = 1011111111111111111111001111111111000000000000000000LLLL
RD4B = 1011111111111111111111110011111111000000000000000000LLLL
RD5B = 1011111111111111111111111100111111000000000000000000LLLL
RD6B = 1011111111111111111111111111001111000000000000000000LLLL
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RD7B =
RDSB
WR1A
WR2A
WR3A
WR4A
WR5A
WR6A
WR7A
WR8A
WR1B
WR2B
WR3B
WR4B
WR5SB
WR6B
WR7B
WR8B
RS1A
RS2A
RS3A =
RS4A
RS5A
RS6A =
RS7A
RS8A
RS1B =
RS2B
RS3B
RS4B =
RS5B
RS6B
RS7B
RS8B

RAS =

DEFINE

Appendix D: 3DMM Test Program

101111111131111111111211111111110011000000000000000000LLLL
1011111111111111111111111111111100000000000000000000LLLL
01001111111111111111111111111111110000000000000000000000
01110011111111111111311111111111110000000000000000000000
01111100111111111111111111111111110000000000000000000000
01111111001111111111111111111111110000000000000000000000
01111111110011111111111111111111120000000000000000000000
011111111111001112111111111111111110000000000000000000000
01111111111111001112111111111111110000000000000000000000
01111111111111110011111111111111110000000000000000000000
01111111111111111100111111111111110000000000000000000000
01111111111111111111001111111111110000000000000000000000
011111111112111111111110011111111110000000000000000000000
01111111111111111111111100111111110000000000000000000000
01111111111111111111111111001111110000000000000000000000
01111111111111111111111111110011110000000000000000000000
01111111111111111111111111111100110000000000000000000000
01111111111111111111111111111111000000000000000000000000
11011111211111111111311111111111111000000000000000000XXXX
1111011111111111111111111111111111000000000000000000XXXX
11111310111111111111111111111111121000000000000000000XXX¥X
1111111101111111111111111111111111000000000000000000XXXX
11111111110111111111111111113111111000000000000000000XXXX
1111111111110111111111111111111111000000000000000000XXXX
11111311111111101111111111111111111000000000000000000XXXX
111113111111111110111111113111111111000000000000000000XXXX
11111111111111111101211111111111111000000000000000000XXXX
1111111111111111111101111111111111000000000000000000XXXX
11111111111311111111111011111111111000000000000000000XXXX
1111111111111111111111110111111111000000000000000000XXXX
111131113111111111111111111101111111000000000000000000XXXX
111111111111121311111111111111011111000000000000000000XXXX
1111111311111113111111121111111110111000000000000000000XXXX
1111111111111111111111111111111102000000000000000000XXXX
1101010101010101010101010101010101000000000000000000XXXX

END

MODE ALPG,MUX,REFRESH 512

REGISTER

XMAX=#1FF ;9 Row Address Bits
YMAX=#1FF ;9 Column Address Bits
LMAX=#1FF

HMAX=#1FF
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TPH=#0 ;Data register initializer
IDX1=#1FE ;Inner Address loop counter
IDX2=#1FF ;Outer Address loop counter
IDX3=#1 ;Loop counter for inverting data
IDX4=#8 ;Wakeup cycle counter
RIDX=#1FF ;Refresh cycle counter
SPI=#20 ;Address of refresh cycle
TIMER=8MS ;Refresh interval
SDEF ACLR = XB<0 XC<0 YB<0 YC<0 X<XB Y<YB
SDEF TPCLR = TP<TPH
SDEF AINC = XB<XB+1 YB<YB+1"BX X<XB Y<YB
SDEF ADEC = XB<XB-1 YB<YB-17"BX X<XB Y<YB
SDEF TPCMP = TP</TP
SDEF SAVE = XC<XB YC<YB
SDEF SEND = XC<XC YC<YC X<XC ¥Y<YC
SDEF ONE = XC<XB-1 YC<KYB
SDEF TWO = XC<XB YC<YB+l1
SDEF THREE = XC<XB+1 YC<YB
SDEF FOUR = XC<XB YC<YB-1
SDEF REF = RF<RF+1 X<RF Y<YB
CFPF
LOC #0 ;ICC ALL ZEROS
NOP TPCLR ACLR !'INIT
IDX2 ACLR !'RAS
IDX1 FPO AINC !'WR1A
LDI1 FPO AINC !'WR1lA
IDX1 FPO AINC !'WR1A
JNI .~1 FPO AINC !'WR1A
LOC #10 ;ICC ALL ONES
NOP TPCLR ACLR !'INIT
IDX2 ACLR !'RAS
IDX1 FPO AINC /D!'WR1A
LDI1 FPO AINC /D!'WR1A
IDX1 FPO AINC /D!'WR1A
JNI .1 FPO AINC /D!'WR1A
LOC #20 ;REFRESH
NOP REF ! 'RAS
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LOC #50 ;MATS++ MARCH ALGORITHM

NOP
IDX4

;BEGIN WITH

LDI2
IDX1
JNI

LDI2
LDI2
NOP
JNI
JNI

LDI2
LDI2
NOP
NOP
JNI
JNI

TPCLR ACLR
ACLR

DRAM #1A
AINC
-1 AINC
ACLR

.-1 /D AINC
.~3

;REPEAT WITH DRAM #2A

LDI2
IDX1
JNI

LDI2
LDI2
NOP
JNI
JNI

LDI2
LDI2
NOP
NOP
JNI
JNI

ADEC
/D
.2 AINC
.4
AINC
.-1 AINC
ACLR

.-1 /D AINC
.=3

ADEC
/D

=2 AINC
.—-4

;REPEAT WITH DRAM #3A-

— v bem b e s

'INIT

.
r

'INIT

! "WR1A
!'"WR1A

.
r

'INIT
'INIT
'RD1A
'WR1A
'INIT

.
14

'INIT
'INIT
'RD1A
'"WR1A
'RD1A
'INIT

'INIT
'WR2A
'WR2A

'INIT
'INIT
'RD2A
'WR2A
'INIT

.
’

'INIT
'INIT
'RD2A
'WRZ2A
'RDZA
'INIT

14

M1:

M2:

M3:

M1l:

M2:

M3:

; M1:

D26

! 'RAS ;Wakeup

~(WO)

;Load outer loop counter
;Inner loop

;Outer loop

~(RO,W1)

v(R1,W0,R0)

~ (WO)

~(RO,W1)

v(R1,W0,RO)

~(W0)



LDI2
IDX1
JINI

LDI2
LDI2
NOP
JNI
JNI

LDI2
LDI2
NOP
NOP
JNI
JINI

;REPEAT WITH DRAM #4A

LDI2
IDX1
JINI

LDI2
LDI2
NOP
JNI
JNI

LDI2
LDI2
NOP
NOP
JNI
JNI

;REPEAT WITH DRAM #5A

LDI2
IDX1
JNI

LDI2
LDI2
NOP
JNI

-1

.2
.—4

-2
.—4

/D

/D

/D

/D

/D
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AINC
AINC
ACLR

AINC

ADEC

AINC

AINC
AINC
ACLR

AINC

ADEC

AINC

AINC
AINC

ACLR

AINC

'TINIT
! '"WR3A
! "WR3A
'INIT
'INIT
'RD3A
'WR3A
'INIT
'INIT
'INIT
'RD3A
'WR3A
'RD3A
VINIT

.
’

'"INIT
! "WR4A
! TWR4A

.
’

'INIT
'INIT
'RD4A
'WR4A
'INIT

.
’

'INIT
'INIT
'RD4A
'WR4A
'RD4A
'"INIT

.
r’

'TINIT
! "TWR5A
! "WR5A
'INIT
'INIT
'RD5A
'WR5A

M2:

M3:

M1:

M2:

M3:

M1:

M2:

~(RO,W1)

v(R1,W0,R0)

~(W0)

~(RO,W1)

v(R1,W0,R0)

~(W0)

~(RO,W1)




JNI

LDI2
LDI2
NOP
NOP
JNI
JNI

;REPEAT WITH DRAM #6A

LDI2
IDX1
JNI

LDI2
LDI2
NOP
JNI
JNI

LDI2
LDI2
NOP
NOP
JNI
JNI

;REPEAT WITH DRAM #7A

LDI2
IDX1
JNI

LDI2
LDI2
NOP
JNI
JNI

LDI2
LDI2
NOP
NOP
JNI
JNI

=2
.~-4

[
—

=3

-2
.—4

-1

/D

/D

/D

/D
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ADEC

AINC

AINC

AINC

ACLR

AINC

ADEC

AINC

AINC
AINC

ACLR

AINC

" ADEC

AINC

! TINIT
'INIT
'INIT
'RD5A
'WR5A
'RD5A
'"INIT

I"INIT
! "WR6A
! "WR6A
V'INIT
! "INIT
! "TRD6A
! "WR6A
! PINIT

.
14

PPINIT
! *INIT
! "RD6A
! "WR6A
! "RD6A
'TINIT

.
r

!'INIT
! "WR7A
! "WR7A

.
14

!TINIT
!TINIT
!"RD7TA
!"WR7A
!TINIT

.
14

'INIT
'INIT
'RD7A
'WRTA
'RD7A
"INIT

=t s e st

M3:

M1:

M2:

M3:

Ml:

M2:

M3:
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~(W0)

~(RO,W1)

v(R1,W0,R0)

~(WO)

~(RO,W1)
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;REPEAT WITH DRAM #8A

; M1: ~(WO0)
LDI2 ' TINIT
IDX1 AINC !'WRSA
JNI .-1 AINC !'WRSA
; M2: ~(RO,W1)
LDI2 ACLR !'INIT
LDI2 I YINIT
NOP ! '"RD8A
JNI .-1 /D AINC !'WRSA
JNI .-3 ! "INIT
; M3: v(R1l,W0,R0)
LDI2 ADEC !'INIT
LDI2 I 'INIT
NOP /D ! "RDSA
NOP ! "WRBA
JNI .-2 AINC !'RDSA
JNI .-4 ! "INIT
;REPEAT WITH DRAM #1B
; Ml: ~(WO0)
LDI2 | "INIT
IDX1 AINC !'WR1B
JNI .-1 AINC !'WR1B
; M2: ~(RO,W1)
LDI2 ACLR ! 'INIT -
LDI2 I'"INIT
NOP | "RD1B
JNI .-1 /D AINC !'WR1B
JNI .-3 I "INIT
; ; M3: v(R1l,W0,R0O)
LDI2 ADEC !'INIT
LDI2 | "INIT
NOP /D ! "RD1B
| NOP ! "WR1B
' JNI .-2 AINC !'RD1B
i JNI .-4 I"INIT
| ;REPEAT WITH DRAM #2B
| ‘ ; Ml: ~(WO)
| LDI2 I VINIT
L IDX1 AINC !'WR2B
\ JNI .-1 AINC !'WR2B

; M2: ~(RO,W1)




LDI2
NOP
JNI
JNI

LDI2
LDI2
NOP
NOP
JNI
JNI

;REPEAT WITH DRAM #3B

LDI2
IDX1
JNI

LDI2
LDIZ2
NOP
JNI
JNI

LDI2
LDIZ2
NOP
NOP
JNI
JNI

;REPEAT WITH DRAM #4B

LDI2
IDX1
JINI

LDIZ2
LDI2
NOP
JNI
JNI

LDIZ2
LDI2
NOP

.-1 /D
.-3

/D
=2
-4

-1
.-1 /D
.=3

/D
.=2
.—4

.-l /D
.=3

/D
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AINC

ADEC

AINC

AINC

AINC

ACLR

AINC

ADEC

AINC

AINC

AINC

ACLR

AINC

ADEC

- b b= e t= ==

|
|
|

t— e b= = e

t— tem bem tm= e

"INIT
'RD2B
'"WR2B
'INIT
'INIT
'INIT
'RD2B
'WR2B
'RD2B
'INIT

’
'VINIT
! "WR3B
! "WR3B

.
’

'INIT
'INIT
'RD3B
'WR3B
'INIT
'INIT
'INIT
'RD3B
TWR3B
'RD3B
'INIT

.
14

!"INIT

'WR4B
'WR4B

;
'INIT
'INIT
'RD4B
'WR4B
'INIT

14

'INIT

'PINIT
! "RD4B

M3: v(R1,WO0,RO)

Ml: ~(WO)

M2: ~(RO,W1)

M3: v(R1l,WO0,RO0O)

Mi: ~(WO)

M2: ~(RO,W1)

M3: .v(R1,W0,R0)
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NCP
JNI
JNI

;REPEAT WITH DRAM #5B

LDI2
IDX1
JNI

LDI2
LDIZ2
NOP
JNI
JNI

LDIZ2
LDI2
NOP
NOP
JNI
JINI

;REPEAT WITH DRAM #6B

LDI2
IDX1
JNI

LDI2
LDIZ2
NOP
JNI
JNI

LDI2
LDI2
NOP
NOP
JNI
JNI

;REPEAT WITH DRAM #7B

LDI2
IDX1

=2
.—4

-1

=2
.—4

=2
.—4

/D

/D

/D

/D
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AINC

AINC

AINC

ACLR

AINC

ADEC

AINC

AINC

AINC

ACLR

AINC

ADEC

AINC

AINC

'WR4B

! "RD4B
!VINIT

.
r

!TINIT
! "WR5B

'WRSB
'INIT
'INIT
'RD5B
'WRSB
'"INIT
'INIT
'INIT
'RD5B
'WR5B
'RDSB
'INIT

.
’

!'TINIT
! "WR6B
! "WR6B

.
r’

"INIT
"INIT
'RD6B
'WR6B
'INIT
"INIT
"INIT
'RD6B
'"WR6B
'RD6B
'INIT

.
r

'INIT

! "WRTB

M1:

M2:

M3:

M1:

M2:

M3:

M1:
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JNI .1 AINC !'WR7B
; M2: ~(RO,W1l)
LDI2 ACLR !'INIT
LDI2 I'"INIT
NOP ! "RD7B
JNI .-1 /D AINC !'WR7B
JNI .~3 ! T"INIT
; M3: v(R1l,W0,R0)
LDI2 ADEC !'INIT
LDI2 ] "INIT
NOP /D !"RD7B
NOP !'"WR7B
JNI -2 AINC !'RD7B
JNI .—4 ! YINIT

LOC #150 ;MATS++ MARCH ALGORITHM

NOP TPCLRACLR ! 'INIT
IDX4 ACLR ! 'RAS ;Wakeup
;BEGIN WITH DRAM #1A
; M1l: ~(WO)
LDI2 1'INIT ;Load outer loop counter
IDX1 AINC !'WR1A ;Inner loop
JNI .~1 AINC !'WR1lA ;Outer loop

; M2: ~(RO,W1)

LDI2 ACLR ! 'INIT
LDI2 PPINIT
NOP ! '"RD1A
JNI .-1 /D AINC !'WR1A
JNI .~3 ' TINIT
' _; M3: v(R1,W0,RO)
LDI2 ADEC !'INIT
LDI2 I"INIT
NOP /D ! 'RD1A
NOP ! "WR1A
JNI =2 AINC !'RD1A
JNI .—4 ' TINIT
;REPEAT WITH DRAM #2A
NOP TPCLR ACLR ! 'INIT
IDX4 ACLR !'RAS ;Wakeup
; M1: ~(WO)
LDI2 I "INIT
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IDX1 AINC
JNI -1 AINC
LDI2 ACLR
LDIZ2
NOP :
JNI -1 /D AINC
JNI -3
LDI2 ADEC
LDI2
NOP /D
NOP
JNI =2 ATINC
JNI .—4
;REPEAT WITH DRAM #3A

NOP TPCLR ACLR
IDX4 ACLR
LDI2
IDX1 AINC

- JNI -1 AINC
LDI2 ACLR
LDI2
NOP
JNI .-1 /D AINC
JNI .-3
LDIZ2 ADEC
LDI2
NOP /D
NOP
JNI -2 AINC
JNI -4

;REPEAT WITH DRAM #4A

NOP TPCLR ACLR
IDX4 ACLR
LDIZ
IDX1 AINC
JNI -1 AINC

- b 4= s= s s

G~ b= v 4w e

! '"WR2A
! "WR2A

; M2:
'INIT
"INIT
'RD2A
'WR2A
'INIT ‘

; M3: v(R1,W0,R0)
'INIT
'INIT
'RD2A
'WR2A
'RD2A
'INIT

~ (RO, W1)

PPINIT
! 'RAS ;Wakeup

; M1: ~(WO0)

!"INIT
! "WR3A
! "WR3A

; M2: ~(RO,W1)
'"INIT —
'INIT
'RD3A
'WR3A
'INIT

; M3:
'INIT
"INIT
'RD3A
'"WR3A
'RD3A
'INIT

v(R1,W0,R0)

'INIT

! '"RAS ;Wakeup

; Ml:
'INIT

~(W0)

! "WR4A
'WR4A




LDI2
LDI2
NOP
JNI
JNI

LDI2
LDI2
NOP
NOP
JNI
JNI

.2
.-4
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ACLR

/D AINC

ADEC
/D

AINC

;REPEAT WITH DRAM #5A

NOP
IDX4

LDI2
IDX1
JNI

LDI2
LDI2
NOP
JNI
JNI

LDI2
LDIZ2
NOP
NOP
INI
JNI

-1

-2
.=4

TPCLR ACLR
ACLR

AINC
AINC

ACLR

/D AINC

ADEC
/D

AINC

;REPEAT WITH DRAM #6A

NOP
IDX4

LDI2
IDX1
JNI

LDI2

TPCLR ACLR
ACLR

AINC
AINC

ACLR

'INIT
"INIT
'RD4A
'WR4A
"INIT
'INIT
'INIT
'RD4A
'WR4A
'RD4A
'INIT

!TINIT

.
’

'INIT

! "TWRSA

'WR5A
'INIT
'INIT
'RD5A
'WR5A
'INIT
'INIT
'INIT
'RD5A
'WR5A
'RD5A
'INIT

!'"INIT

M2:

M3:

M1l:

M2:

M3:

~(RO,W1)

v(R1,W0,R0)

1 "RAS ;Wakeup

~(WO0)

~(RO,WL1)

v{(R1,W0,R0)

'RAS ;Wakeup

.
4

"INIT

! "WR6A
! '"WR6A

.
4

'INIT

M1:

M2:

D34

~(WO0)

~(RO,W1)



LDI2
NOP
JNI
JNI

LDI2
LDI2
NOP
NOP
JNI
JNI

.2
-4
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AINC

/D

ADEC
/D

AINC

;REPEAT WITH DRAM #7A

NOP
IDX4

LDI2
IDX1
JNI

LDI2
LDIZ2
NOP
JNI
JNI

LDI2
LDI2
NOP
NOP
JNI
JNI

.2
.4

TPCLR ACLR
ACLR

AINC
AINC

ACLR

/D AINC

ADEC
/D

AINC

;REPEAT WITH DRAM #8A

NOP
IDX4

LDIZ2
IDX1
JNI

LDIZ2
LDI2
NOP

TPCLR ACLR
ACLR

AINC
AINC

ACLR

1
!
!

'INIT
'RD6A
'"WR6A
'INIT
; M3: v(R1l,WO0,R0)
"INIT
'INIT
'"RDGA
'"WRoOA
'RD6A
'INIT

VINIT
'RAS ;Wakeup
; M1l: ~(WO)

! YINIT
! "WR7A

'WR7A
; M2:
"INIT
'INIT
'RD7A
'WR7A
'INIT —
; M3: v(R1,W0,RO)
'INIT
'INIT
'RD7A
'"WRTA
'"RD7A
'INIT

~(RO,W1)

VINIT

! '"RAS ;Wakeup

; M1l: ~(WO) -

! TINIT
! "WRBA

'WRBA

; M2: ~(RO,W1)

! TINIT
PTINIT
! "RDBA




JNI
JNI

LDI2
LDI2
NOP
NOP
JNI
JNI

Appendix D: 3DMM Test Program

.—1 /D . AINC
.=3 :

ADEC
/D

=2 AINC
.—4

;REPEAT WITH DRAM #1B

NOP
IDX4

LDI2
IDX1
JNI

LDIZ2
LDI2
NOP
JNI
JNI

LDI2
LDI2
NOP
NOP
JNI
JNI

TPCLR ACLR
ACLR

AINC
.-1 AINC

ACLR

.-1 /D AINC

ADEC
/D

=2 AINC
.—4

;REPEAT WITH DRAM #2B

NOP
IDX4

LDI2
IDX1
JNI

LDIZ2
LDIZ2
NOP
JNI
JNI

TPCLR ACLR
ACLR

AINC
-1 AINC

ACLR

.-1 /D AINC

— e b= b= =

!
.

! "WRBA
'TINIT

; M3: v(R1l,W0,R0)
'INIT
'"INIT
'RD8A
'"WR8A
'RD8A
'INIT

ITINIT
! "RAS ;Wakeup

; M1: ~(WO)

'TINIT

'WR1B

! "WR1B

; M2: ~(RO,W1l)
'INIT
'INIT
'RD1B
'WR1B
'INIT
; M3: v(R1,W0,R0)
'INIT —
'INIT
'RD1B
'WR1B
'RD1B
'INIT

'INIT
'RAS ;Wakeup
; M1: ~(WO)

!PINIT

'WR2B
'WR2B
; M2: ~(RO,W1)
'INIT
YINIT
'RD2B
'WR2B
"INIT

D36



LDIZ2
LDI2
NOP
NCP
JNI
JNI
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ADEC
/D

=2 AINC

.4

;REPEAT WITH DRAM #3B

NOP
IDX4

LDIZ2
IDX1
JNI

LDI2
LDI2
NOP
JNI
JNI

LDIZ2
LDI2
NOP
NOP
JNI
JNI

TPCLR ACLR
ACLR

AINC
.—1 AINC

ACLR
-1 /D AINC

ADEC
/D

-2 AINC
.—4

;REPEAT WITH DRAM #4B

NOP
IDX4

LDI2
IDX1
JNI

1DI2
LDIZ2
NOP
JNI
JNI

LDI2

TPCLR ACLR
ACLR

AINC

-1 AINC

ACLR

.-1 /D AINC

ADEC

1

; M3: v(R1l,W0,R0)
YINIT
'INIT
'RD2B
'WR2B
'RD2B
'INIT

'INIT

! '"RAS ;Wakeup

; M1: ~(WO)

PTINIT

'WR3B
'WR3B .
; M2: ~(RO,W1)
'INIT
"INIT
'RD3B
'"WR3B
'INIT
; M3: v(R1,W0,R0)
'INIT
'INIT
'RD3B —_
'WR3B
'RD3B
"INIT

! VINIT
1 'RAS ;Wakeup

; Ml: ~(WO)

! "INIT
! "WR4B
! "WR4B

; M2: ~(RO,W1)
"INIT
"INIT
'RD4B
'"WR4B
YINIT
; M3: v(R1l,W0,RO0)

!TINIT




LDI2
NOP
NOP
JNI
JNI

;REPEAT WITH DRAM #5B

NOP
IDX4

LDI2
IDX1
JNI

LDI2
LDI2
NOP
JNI
JNI

LDI2
LDI2
NOP
NOP
JNI
JNI

;REPEAT WITH DRAM #6B

NOP
IDX4

LDI2
IDX1
JNI

LDI2
LDI2
NOP
JNI
JNI

LDI2
LDI2
NOP

/D

=2
.—4

Appendix D: 3DMM Test Program

AINC

TPCLR ACLR
ACLR
AINC
-1 AINC
ACLR
.-1 /D AINC
-3
ADEC
/D
.2 AINC
.—4

TPCLR ACLR

.—1

/D

ACLR

AINC

AINC

ACLR

AINC

ADEC

!TINIT
! "RD4B
! "WR4B
! "RD4B
'TINIT

1'INIT
1'RAS ;

;
'YINIT
| "WR5B
! "WR5B

H
!'INIT
!'"INIT
! "RDSB
! "WR5B
'TINIT
''"INIT
I'"INIT
! '"RD5B
! "WR5B
! "RD5B
I "INIT

1 VINIT
! *RAS ;
1 'INIT
! "WR6B
| '"WR6B

r’

PYINIT
! TINIT
! 'RD6B
! "WR6B
! "INIT

‘
'TINIT
! TINIT
! "RD6B

Wakeup
M1l: ~(WO)

M2: ~(RO,W1)

M3: v(R1,W0,RO)

Wakeup
Ml: ~(WO0)

M2: ~(RO,W1)

M3: v(R1l,W0,R0O)
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NOP
JNI
JNI

=2
.—4
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AINC

;REPEAT WITH DRAM #7B

END

NOP
IDX4

LDI2
IDX1
JNI

LDIZ2
LDI2
NOP
JNI
JNI

LDIZ2
LDIZ
NOP
NOP
JNI
JNI

.—4

TPCLR ACLR
ACLR

AINC
AINC

ACLR

/D AINC

ADEC

/D

AINC

|
!

!

'"WR6B
'RD6B

!TINIT

!"INIT

.
r

! TINIT

'WR7B

! "WR7B

.
’

'INIT
'INIT
'RD7B
'WR7B
'INIT

H

'INIT
'INIT
'RD7B
'WR7B
'RD7B
'INIT

M1:

M2:

M3:

D39

1 'RAS ;Wakeup

~(W0)

~(RO,W1)

v (R1,W0,R0)




Appendix E - Test Data Sheets, 3DMM Conducted Susceptibility Testing

Test Article: 2 Dm oy Date: Q//Q, /q b
TestEngineer:  Covont Felsom Page: 2
Test Technician: MoHher.» M e

Test Observer: ~

Test Setup Photographs: Test Part #
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Appendix E - Test Data Sheets, 3DMM Conducted Susceptibility Testing

Test Article: /S D " A Date: M b/QS/

Test Engineer: Ooraut  Eviclesoun Page: 2 o =
Test Technician: Motthees Mo )
Test Observer:
Test Setup Photographs: Test Part #
Test Sequence # o
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Appendix E - Test Data Sheets, 3DMM Conducted Susceptibility Testing

Test Article: 2 D M NA Date: 9 /} s /Qg
Test Engineer: CMAﬁ'heu; Millew Page: '3 bf =
Test Technician: Srant Enrcksae

Test Observer:

Test Setup Photographs: Test Part #

Test Sequence #
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Appendix E - Test Data Sheets, 3DMM Conducted Susceptibility Testing

EMEAP Susceptibility
Test Article: 2 O\ r\A Date: Q /Q_q /C’fg
Test Engineer: O et B orycbeau Page: ¢ of |
Test Technician: B
Test Observer:
~ Test Setup Photographs: Test Part #

Test Sequence #

Tzsjr USing "\'plix?—y\
100 Kz + 303 b Pasy
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200 KH-2 +43 Pass
So00 KH= +31.3 Pass
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‘ Appendix F — PMM Test Program

0

PRO MAIN PINS

chkkhkhdkkkkkkhkkhkhkhdhkhkhkhkkkhdhkrhrhhhdkhkkhrhhhkdhdrrhkhhrhhkbkkhbhhhbhrrdrdhdkhdrdi

FILE: MAIN.ASC

J e L 22 2 2 222222222 SR 2 2222232 2222 2 222 Rttt Attt nl)

(C) THE BOEING COMPANY, SEATTLE, WA, 1993
BOEING PARTS TEST CENTER

THE REVISION HISTORY OF THIS PROGRAM CAN BE FOUND IN THE
"REVISIONS." FILE LOCATED IN THE SAME DIRECTORY.

[ R N . R 2 222 X222 SR 2222 2222222 2 222 Xt bt Xatd

CONTENTS : TEST PROGRAM FOR THE PROCESSOR MEMORY MODULE MCM
THE PACKAGE IS A SMART CARD WITH AN EDGE CONNECTOR

’
’
’
r
!
!
’
’
1
h
’
!
1
’
1
’
1

T Y 2 2 2 2 22 R 2RSSR R R 222 RS SR 222 22 2 2 R 2 R R Attt hd bt sl

;DATASET NUMBER
STRING DATASET (35)="NOT RELEASED"

; PART NUMBER
STRING PRTNMBR(25)="PMM MCM"

; PROGRAMMER /AUTHOR
STRING PRGMER(15)="R.K.HOFFMAN"

;RELEASE DATE
STRING RELDATE (15)="NOT RELEASED" —

; REQUIREMENTS
STRING REQS(35)="FUNCTIONAL ONLY, MEMORY ONLY"

; LOAD BOARD
STRING LDBRD (15)="PMM"

;LOAD BOARD ID NUMBER -~ SET WITH ROTARY SWITCHES ON THE PERFORMANCE BOARD
INTEGER BRDID=#0000

jemmmmm - RUN TIME VARIABLES ------------

REAL MAXLIM ;MAXIMUM LIMIT - FOR OUTPUT ROUTINE

‘ REAL MINLIM ;MINIMUM LIMIT - FOR OUTPUT ROUTINE
REAL RESULT ;TEST RESULT - FOR OUTPUT ROUTINE
INTEGER FCNT ;COUNTER TO HOLD NUMBER OF TESTS THAT FAILED
STRING PF(8) ;PASS/FAIL STRING - FOR OUTPUT ROUTINE
STRING TSYM(8) ;TEST SYMBOL - FOR OUTPUT ROUTINE
STRING TCOND (8) ;TEST CONDITION - FOR OUTPUT ROUTINE
INTEGER SERNUM ;SERIAL NUMBER OF DUT - FOR OUTPUT ROUTINE
INTEGER LIMCOND ;FLAG USED IN OUTPUT ROUTINE
STRING FDATE(17) ;DATE/TIME STRING - USED IN HEADER ROUTINE
INTEGER MINTYP ;FLAG USED IN OUTPUT ROUTINE
INTEGER MAXTYP ;FLAG USED IN OUTPUT ROUTINE
INTEGER RCODE ;FLAG USED IN OUTPUT ROUTINE
INTEGER SFLAG ;USED TO STORE SFLG VALUE
INTEGER LOOPER ;USED TO INITIALIZE DO LOOPS

F1
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LOGICAL FHIGH, FMIDD, EXPDATA, INVDATA ;USED TO CALCULATE EXPECTED DATA VALUES

DIM XPINS(92) ; ARRAY TO HOLD FAILED PIN NUMBERS
DIM SUSP(92) ; ARRAY TO INDICATE POSSIBLE PIN PROBLEMS

INTE (2] FCOUNT
LOGI[2] PCOUNT
LOGI([1] STATUS
LOGI{2] DFMADD
LOGI (1] TOFAIL
LOGI[1) STEADD
LOGI[2] DFMFDF
LOGI (2] AFMMEM
LOGI (2] FNDATA
LOGI{2] DFMX
LOGI (2] DFMY
LOGI (1] DFMTSD
LOGI[2] DFMTPD
INTE[2] FADDR

;************************************t****************************************

;R RS R R R R R

H MAIN PROGRAM
;#############################################################################
FCNT = 0 ;INITIALIZE THE FAIL COUNT

;IF INIT KEY HAS BEEN PUNCHED, DISPLAY PROGRAM INFORMATION
IF INIT THEN GOSUB DOINIT

GOSUB DOHEAD

GOSUB DOTESTS

GOSUB DOFQOT

STOP
,#############################################################################

; MAIN TEST ROUTINE
;#############################################################################
DOTESTS:

PINLIST DEVPINS=P15-92

PINLIST MABUS=MA16,MA15,MA14,MA13,MA12,MA11,MA10,MAS,MA8, MA7,MA6,MAS,MAL,@
MA3,MA2,MAl,MAOD

PINLIST XABUS=MA7,MA6,MAS,MA4,MA3,MA2,MAL, MAO
PINLIST YABUS=MAlé6,MAlS,MAl4, MA13 MAl12,MA11,MA10,MAS, MAS

PINLIST MPERBUS=MPER23,MPER22,MPER21,MPER20,MPER19,MPER18,MPER17,MPER16,@
MPER15,MPER14,MPER13, MPERlZ MPER11,MPER10,MPER9,MPERS, MPER7,MPERE ,MPERS5, @
MPER4 ,MPER3,MPER2,MPER1, MPERO

PINLIST USBUS=MPERO,MPER3,MPER6,MPER9,MPER12,MPER15,MPER18,MPER21

PINLIST U6BUS=MPERL, MPER4 , MPER7, MPER10,MPER13,MPER16,MPER19,MPER22

F2
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PINLIST U7BUS=MPER2,MPERS,MPERS8,MPER11l,MPER14,MPER17,MPER20, MPER23

PINLIST MDBUS=MD31,MD30,MD29,MD28,MD27,MD26,MD25,MD24,MD23,MD22,MD21,MD20, @
MD19,MD18,MD17,MD1l6,MD15,MD14,MD13,MD12,MD11,MD10,MDS, MD8 ,MD7,MD6,MD5,MD4 , @
MD3,MD2,MD1,MDO

PINLIST POLPINS=MD31,MD30,MD29,MD28,MPER23,MPER22,MPER21

PINLIST UlBUS=MDO,MD4,MD8,MD12,MD16,MD20,MD24,MD28
PINLIST U2BUS=MD1,MD5,MD9,MD13,MD17,MD21,MD25,MD29
PINLIST U3BUS=MD2,MD6,MD10,MD14,MD18,MD22,MD26,MD30
PINLIST U4BUS=MD3,MD7,MD11,MD15,MD19,MD23,MD27,MD31

PINLIST EP4321= MD31,MD27,MD23,MD19,MD15,MD11,MD7,MD3@
MD30,MD26,MD22,MD18,MD14,MD10,MD6, MD2@
MD29,MD25,MD21,MD17,MD13,MD9,MD5, MD1@
MD28,MD24,MD20,MD16,MD12,MD8,MD4,MDO

PINLIST EP765= MPER23,MPER20,MPER17,MPER14,MPER]1l, MPER8, MPERS, MPER2@
MPER22,MPER19,MPER16,MPER13,MPER10,MPER7, MPER4, MPER1@
MPER21,MPER18,MPER15,MPER12,MPER9, MPER6, MPER3, MPERO

PINLIST CTLPINS=WEIN,CSE,CSS,CSS2,0E

DIM SMA(17)="MAl6","MAl5", "MA14",6 "MA13", "MA12", "MAll", "MA10", "MAS",6 "MA8", "MAT7",@
"MAG" R IIMAS L , "MA4 " , "MA3 LU ’ "MAz " , "MAlll R "MAO "

DIM SMPER(24)="MPER23", "MPER22", "MPER21", "MPER20", "MPER19", "MPER18", "MPER17", @
"MPER16", "MPER15", "MPER14", "MPER13", "MPER12", "MPER11", "MPER10", "MPER9", "MPER8", @
"MPER7", "MPER6", "MPERS", "MPER4" , "MPER3", "MPER2", "MPER1", "MPEROQ"

DIM SMD(32)="MD31","MD30","MD29", "MD28", "MD27", "MD26", "MD25", "MD24", "MD23",@
"MD22", "MD21", "MD20", "MD19", "MD18", "MD17", "MD16", "MD15", "MD14", "MD13", "MD12",@
"MDll" ) "MDlO" . llmgll R "'MDBW B NMD’]" B I|MD6 n , IIMDSII B IIP4D4 " y “MDB L} , "MDZ L N IlMDlIl ' IIMDO "

DIM SCTL(5)="WEIN","CSE","CsSS", "CSsS2","OE"

; GECREEREAERARERAGREERACRACAEEEERER
;@ TESTS BEGIN HERE @
; G0EREERARRRAEARERACREACAREERECRERRR

SET DISPLAY "CONTACT..."
VS3=0.0V
ISVM MDC=-1MA,M(8V), 2V, -2V
LIMIT MDC=1.5V,-1.5V
MEAS MDC (DEVPINS)
IF FAIL THEN ENTRY
TNUM=0
TSYM="CONT"
MINLIM=-1.5V
MAXLIM=1.5V
READ FPIN TO PN, XPINS
DO CONT1 I=1,PN
; WRITE "CONTINUITY FAILS PIN ", XPINS(I) /
SUSP (XPINS(I))=1
TCOND=ASCII (XPINS(I),1,2)
MEAS MDC (P (XPINS(I))) :RESULT
GOSUB OUTPUT
CONT1:

F3
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GOTO CONTINUE

EXIT
SET DISPLAY " "

shhdkhkhhkhkkhhkdkhkdkhkhhhhhdrhkrdhhhkdhd

I
H PREPARE DFM & AFM *

shkhhhhkkhkhkhhkdkkkrhhdhhbhhhhhhhbhhddd

RESET DFM ALL

DFM MODE=FAIL

DFM FCNT=2000

RESET AFM ALL

AFM RATE=HS

: AFM Channels are Pn

; SRAM4-1 MSB -> LSB

AFM CHANNEL=27,29,31,33,35,37,51,49%@
66,68,70,72,74,76,89,87@
28,30,32,34,36,38,50,48@
67,69,71,73,75,77,88, 86

AFM ACTION=FT>FMX
AFM Addresses are LSB->MSB
AFM ADDRESS=X0-7,Y0-8

-************t*******************

SRAM TEST *

**************i****************t
TNUM=1

TSYM="FUNC"
MINLIM=0.0
MAXIL,IM=0.0

SET DISPLAY TSYM

VS3=5.0V ; VDD
VS1=5.0V ; VPP

SELECT VTCONTROL ENABLE
SELECT LPAT INHIBIT ; Let the pattern run to the end

TIME1=100MS:VS3
TIME2=100MS:0OTHERS

RATE=1US, 26US, 7US, 50NS
ACLK1=0NS:3, ONS
BCLK1=0.45US:3, 20NS
CCLK1=0.5US:3,25NS
STRB1=0.95US:3,45NS
DREL1=0NS:3,0NS
DRET1=1US:3,50NS

IN1=5.0V,0.0V
IN2=2.0V,0.8V
OUT1=2.0V,0.8V
VT1l=1.4V
IL1=-1MA, 1MA
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XABUS=IN1,NRZA,6 ACLK1, <X7-0>

YABUS=IN1,NRZA,ACLK1, <¥8-0>

MPERBUS=IN1,NRZA,ACLK1,0UT1, IL1,VT1,DRENRZ, DRE1l, <FIXH>
MDBUS=IN1,NRZA,ACLK1,0UT1, IL1,VT1l, DRENRZ,DRE1, <FIXL>
U1BUS=IN1,NRZA,ACLK1l,OUT1, STRB1, IL1l,VT1l,DRENRZ,DRE1l, <D0O-7>
CTLPINS=IN1,NRZA,ACLKl -
WEIN=IN1, /RZZ,BCLKl, CCLK1

TCOND="SRAM1"

TEST TNUM

MEAS LPAT FUNC

IF PASS THEN RESULT=1.0
ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1

READ DFM FCNT TO FCOUNT
IF FCOUNT > 0 THEN ENTRY

GOSUB DIAGSA
EXIT

RESET AFM MEMCRY
RESET DFM MEMORY

TCOND="SRAM2"
MDBUS=IN1,NRZA,ACLK1l,0UT1, IL1,VT1,DRENRZ,DREl, <FIXL>
U2BUS=IN1,NRZA,ACLK1,0UT1, STRB1, IL1,VT1l, DRENRZ, DRE1, <D0-7>

TEST TNUM

MEAS LPAT FUNC

IF PASS THEN RESULT=1.0
ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1

READ DFM FCNT TO FCOUNT
IF FCOUNT > 0 THEN ENTRY

GOSUB DIAGSA
EXIT

RESET AFM MEMORY
RESET DFM MEMORY

TCOND="SRAM3"
MDBUS=IN1,NRZA,ACLK1l,OUT1, IL1,VT1l,DRENRZ,DRE1, <FIXL>
U3BUS=IN1,NRZA,ACLK1,0UT1, STRB1, IL1, VT1, DRENRZ,DRE1, <D0-7>

TEST TNUM

MEAS LPAT FUNC

IF PASS THEN RESULT=1.0
ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1

READ DFM FCNT TO FCOUNT

IF FCOUNT > 0 THEN ENTRY
GOSUB DIAGSA
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EXIT

RESET AFM MEMORY
RESET DFM MEMORY

TCOND="SRAM4"
MDBUS=IN1,NRZA,ACLK1l,OUT1, STRB1, IL1,VT1l, DRENRZ,DRE1, <FIXL>
MDBUS=IN1,NRZA,ACLK1,OUT1, IL1,VT1l,DRENRZ, DRELl, <FIXL>
U4BUS=IN1,NRZA,ACLK1,OUT1, STRB1, IL1,VT1l,DRENRZ,DRE1, <D0-7>

TEST TNUM

MEAS LPAT FUNC

IF PASS THEN RESULT=1.0
ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1

READ DFM FCNT TO FCOUNT
IF FCOUNT > 0 THEN ENTRY

GOSUB DIAGSA
EXIT

RESET AFM MEMORY
RESET DFM MEMORY

i SRAM7-5 MSB -> LSB

AFM CHANNEL=15,55,18,58,21,61,24,64,@
54,17,57,20,60,23,63,26,@
16,56,19,59,22,62,25,65

TCOND="SRAMS"

MDBUS=IN1,NRZA,ACLK1l,0UT1, IL1,VT1,DRENRZ, DRE1, <FIXL>
MPERBUS=IN1,NRZA,ACLK1,OUT1, IL1,VT1l,DRENRZ, DRE1, <FIXH>
USBUS=IN1,NRZA,ACLK1,OUT1,STRB1, IL1,VT1l,DRENRZ,DRE1, <D0-7>

TEST TNUM

MEAS LPAT FUNC

IF PASS THEN RESULT=1.0
ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1

READ DFM FCNT TO FCOUNT
IF FCOUNT > 0 THEN ENTRY

GOSUB DIAGSB
EXIT

RESET AFM MEMORY
RESET DFM MEMORY

TCOND="SRAM6&"
MPERBUS=IN1,NRZA,ACLK1,0UT1, IL1,VT1l, DRENRZ, DRE1, <FIXH>
U6BUS=IN1,NRZA,ACLK1,0UTL, STRB1, IL1,VT1l,DRENRZ, DRE1, <D0-7>

TEST TNUM

MEAS LPAT FUNC

IF PASS THEN RESULT=1.0
ELSE RESULT=0.0
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" GOSUB OUTPUT
TNUM=TNUM+1

READ DFM FCNT TO FCOUNT
IF FCOUNT > 0 THEN ENTRY

GOSUB DIAGSB
EXIT

RESET AFM MEMORY
RESET DFM MEMORY

TCOND="SRAM7"
MPERBUS=IN1,NRZA,ACLK1,OUT1, IL1,VT1l, DRENRZ, DREL, <FIXH>
U7BUS=IN1,NRZA,ACLKl,OUT1,STRB1, IL1,VT1l,DRENRZ,DREL, <D0-7>

TEST TNUM

MEAS LPAT FUNC

IF PASS THEN RESULT=1.0
ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1

READ DFM FCNT TO FCOUNT
IF FCOUNT > 0 THEN ENTRY

GOSUB DIAGSB
EXIT

;************************

; ERASE *

;************************ -

TSYM="ERASE"
TCOND="EPROMS"

VS1=12.0V
STRB4=0.95US:3

XABUS=IN1,NRZA,ACLKl, <FIXL>

YABUS=IN1,NRZA,ACLK1l, <FIXL>
MPERBUS=IN1,NRZA,ACLK1,OUT1,STRB1, IL1l,VTl,DRENRZ, DRE1, <FIXL>
MDBUS=IN1,NRZA,ACLK1,OUT1,STRB1, IL1,VT1l,DRENRZ, DRE1l, <FIXL>
CTLPINS=IN1, NRZA, ACLK1 '

WEIN=IN1, /RZZ,BCLK1l, CCLKl
POLPINS=IN1,NRZA,ACLK1l,OUT1, STRB4, IL1,VT1l,DRENRZ,DRE1l, MATCH, <FIXL>

TEST TNUM

MEAS LPAT ERASE

IF PASS THEN RESULT=1.0
ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1

TSYM="VERIFY"
TCOND="EPROM1"

VS1l=5.0V
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XABUS=IN1,NRZA,ACLK1l, <X7-0>

YABUS=IN1,NRZA,ACLK1l, <¥8-0>
MPERBUS=IN1,NRZA, ACLK],OUT1, IL1,VT1l,DRENRZ, DREL, <FIXL>
MDBUS=IN1,NRZA,ACLK1,0UT1, IL1,VT1l,DRENRZ, DRELl, <FIXL>
U1BUS=IN1,NRZA,ACLK1l,OUT1, STRB1, IL1,VT1l,DRENRZ, DRE1, <D0O-7>
CTLPINS=IN1,NRZA,6 ACLK1 .
WEIN=IN1, /RZZ,BCLK1l, CCLK1

TEST TNUM

MEAS LPAT VERIFY

IF PASS THEN RESULT=1.0
ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1

TCOND="EPROM2"
MPERBUS=IN1,NRZA,ACLK1,0UT1, IL1,VT1,DRENRZ,DREL, <FIXL>
MDBUS=IN1,NRZA,ACLK1,0UT1, IL1,VT1l,DRENRZ, DRE1, <FIXL>
U2BUS=IN1,NRZA,ACLK1,OUT1, STRB1, IL1,VT1,DRENRZ, DRE1, <D0-7>
TEST TNUM
MEAS LPAT VERIFY
IF PASS THEN RESULT=1.0

ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1

TCOND="EPROM3"
MPERBUS=IN1,NRZA,ACLK1,0UT1, IL1,VT1,DRENRZ, DREL, <FIXL>
MDBUS=IN1,NRZA,ACLK1l,OUT1, IL1,VT1,DRENRZ, DRE1l, <FIXL>
U3BUS=IN1,NRZA,ACLK1l,0UT1, STRB1, IL1,VT1l,DRENRZ, DRE1, <D0-7>
TEST TNUM
MEAS LPAT VERIFY —
IF PASS THEN RESULT=1.0

ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1

TCOND="EPROM4 "
MPERBUS=IN1,NRZA,ACLK1,OUT1, IL1,VT1l,DRENRZ,DRE1, <FIXL>
MDBUS=IN1,NRZA,ACLKl,OUT1, IL1, VT1,DRENRZ, DRE1, <FIXL>
U4BUS=IN1,NRZA,ACLK1,0UT1, STRB1, IL1,VT1,DRENRZ, DRE1, <D0-7>
TEST TNUM
MEAS LPAT VERIFY
IF PASS THEN RESULT=1.0

ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1

TCOND="EPROMS"
MPERBUS=IN1,NRZA,ACLK1l,OUT1, IL1,VT1l,DRENRZ, DRE1l, <FIXL>
MDBUS=IN1,NRZA,ACLKl,0UT1, IL1,VT1,DRENRZ, DREL, <FIXL>
USBUS=IN1,NRZA,ACLK1,OUT1,STRB1, IL1l,VT1,DRENRZ,DRE1, <D0-7>
TEST TNUM
MEAS LPAT VERIFY
IF PASS THEN RESULT=1.0

ELSE RESULT=0.0

F8



Appendix F — PMM Test Program

GOSUB OUTPUT
TNUM=TNUM+1

TCOND="EPROMé6"
MPERBUS=IN1,NRZA,ACLK1,0UT1,IL1,VT1,DRENRZ, DRE1l, <FIXL>.
MDBUS=IN1,NRZA,ACLK1l,0UT1, IL1,VT1l,DRENRZ, DRE1l, <FIXL>
U6BUS=IN1,NRZA,ACLKl,OUTl,STRBl,ILl,VTl,DRENRZ,DREl,<D0—7>
TEST TNUM ’
MEAS LPAT VERIFY
IF PASS THEN RESULT=1.0

ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1

TCOND="EPROM7"
MPERBUS=IN1,NRZA,ACLK1,0UT1, IL1,VT1l,DRENRZ, DREL, <FIXL>
MDBUS=IN1,NRZA,ACLK1l,0UT1, IL1,VT1l, DRENRZ, DRE], <FIXL>
U7BUS=IN1,NRZA,ACLK1,0UTl,STRBl,ILl,VTl,DRENRZ,DREl,<DO-7>
TEST TNUM
MEAS LPAT VERIFY
IF PASS THEN RESULT=1.0

ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1

;****************************************

i* WRITE EPROM TRUE DATA *

;****************************************

TSYM="WRNEW"
TCOND="EPROMS" -
GOSUB DFMAFM ; SETUP THE DFM & AFM TO CATCH ERRORS

VS1=12.0V

XABUS=IN1,NRZA,6 ACLKl, <X7-0>

YABUS=IN1,NRZA,ACLKl, <¥8-0>
MPERBUS=IN1,NRZA,ACLK1l,0UT1,IL1,VT1l,DRENRZ,DREL, <FIXL>
MDBUS=IN1,NRZA,ACLK1,OUT1, IL1,VT1l, DRENRZ, DRE1l, <FIXL>
UlBUS=IN1,NRZA,ACLKl,OUTl,STRB4,ILl,VTl,DRENRZ,DREl,MATCH,<D0-7>
UZBUS=IN1,NRZA,ACLK1,0UTl,STRB4,ILl,VTl,DRENRZ,DREl,MATCH,<D0-7>
U3BUS=IN1,NRZA,ACLK1,0UTl,STRB4,ILl,VTl,DRENRZ,DREl,MATCH,<D0-7>
U4BUS=IN1,NRZA,ACLK1,0UTl,STRB4,ILl,VTl,DRENRZ,DREl,MATCH,<D0-7>
U5BUS=IN1,NRZA,ACLK1,0UTl,STRB4,ILl,VTl,DRENRZ,DREl,MATCH,<D0—7>
U6BUS=IN1,NRZA,ACLK1,0UTl,STRB4,ILl,VTl,DRENRZ,DREl,MATCH,<D0—7>
U7BUS=IN1,NRZA,ACLK1,0UTl,STRB4,ILl,VTl,DRENRZ,DREl,MATCH,<D0-7>
CTLPINS=IN1,NRZA, ACLKl

WEIN=IN1, /RZ2Z,BCLK1l, CCLK1

TEST TNUM

SELECT LPAT MATCH INHIBIT

MEAS LPAT WRNEW

IF PASS THEN RESULT=1.0
ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1
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IF RESULT = 0.0 THEN ENTRY
GOSUB DIAGEW
EXIT

;**************t*****************

i READ TRUE DATA *

;********************************

RESET AFM MEMORY
RESET DFM MEMORY
DFM MODE FAIL
DFM FCNT=2000

XABUS=IN1,NRZA,ACLK1, <X7-0>
YABUS=IN1,NRZA,ACLK1, <¥8-0>
CTLPINS=IN1,NRZA,ACLK1
WEIN=IN1, /RZZ,BCLK1l,CCLK1

TSYM="RDNEW"
VS1=5.0V

TCOND="EP4-1"
MPERBUS=IN1,NRZA,ACLK1,OUT1, IL1,VT1, DRENRZ, DRE1, <FIXL>
MDBUS=IN1,NRZA,ACLK1,OUT1, IL1, VT1, DRENRZ, DRE1, <FIXL>
U1BUS=IN1,NRZA,ACLK1,OUT1, STRB4, IL1,VT1, DRENRZ, DRE1,MATCH, <D0-7>
U2BUS=IN1,NRZA,ACLK1,OUT1, STRB4, IL1,VT1, DRENRZ, DRE1,MATCH, <D0-7>
U3BUS=IN1,NRZA,ACLKl,OUT1, STRB4, IL1,VT1, DRENRZ, DRE1,MATCH, <D0-7>
U4BUS=IN1,NRZA,ACLK1,OUT1, STRB4, IL1,VT1, DRENRZ, DRE1,MATCH, <D0-7>
SELECT LPAT INHIBIT
TEST TNUM
WAIT TIME 150MS
MEAS LPAT RDNEW R
IF PASS THEN RESULT=1.0

ELSE RESULT=0.0
GOSUB OUTPUT
TNUM=TNUM+1

READ DFM FCNT TO FCOUNT
IF FCOUNT > 0 THEN ENTRY

GOSUB DIAGEA
EXIT

RESET AFM MEMORY
RESET DFM MEMORY

; EPROM7-5 MSB -> LSB

AFM CHANNEL=15,55,18,58,21,61,24,64,@
54,17,57,20,60,23,63,26,@
16,56,19,59,22,62,25,65

TCOND="EP7-5"
MPERBUS=IN1,NRZA,ACLK1,0UT1, IL1,VT1l, DRENRZ,DREL, <FIXL>
MDRUS=IN1,NRZA,ACLK1,0UT1, IL1,VT1, DRENRZ, DRE], <FIXL>
U5BUS=IN1,NRZA,ACLKI,OUTI,STRB4,ILl,VTl,DRENRZ,DREl,MATCH,<D0-7>
UGBUS=IN1,NRZA,ACLKl,OUTl,STRB4,ILl,VTl,DRENRZ,DREI,MATCH,<D0-7>
U7BUS=IN1,NRZA,ACLKl,OUTl,STRE4,ILl,VTl,DRENRZ,DREI,MATCH,<D0—7>
TEST TNUM

WAIT TIME 150MS

MEAS LPAT RDNEW
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SELECT LPAT NORMAL

IF PASS THEN RESULT=1.0
ELSE RESULT=0.0

GOSUB OUTPUT

TNUM=TNUM+1

READ DFM FCNT TO FCOUNT
IF FCOUNT > 0 THEN ENTRY

GOSUB DIAGEB
EXIT

RESET AFM MEMORY
RESET DFM MEMORY

;********************************

;* ERASE *
;********************************

TSYM="ERASE2"
TCOND="EPROMS"

VS1=12.0V

XABUS=IN1,NRZA,ACLK1, <FIXL>

YARUS=IN1,NRZA,ACLKl, <FIXL>
MPERBUS=IN1,NRZA,ACLK1,0UTl,STRBl,ILl,VTl,DRENRZ,DREl,<FIXL>
MDBUS=IN1,NRZA,ACLK1,0UTl,STRBl,ILl,VTl,DRENRZ,DREl,<FIXL>
CTLPINS=IN1,NRZA,ACLK1

WEIN=IN1, /RZ2Z,BCLK1l, CCLKl
POLPINS=IN1,NRZA,ACLKl,OUTl,STRB4,ILl,VTl,DRENRZ,DREl,MATCH,<FIXL>

TEST TNUM

MEAS LPAT ERASE

IF PASS THEN RESULT=1.0 —
ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1

;****************************************

i * WRITE INVERSE CHECKERBOARD *

;****************************************

TSYM="WRNEWI"
TCOND="EPROMS" '
GOSUB DFMAFM . SETUP THE DFM & AFM TO CATCH ERRORS

VS1=12.0V

XABUS=IN1,NRZA,ACLKL, <X7-0>

YABUS=IN1,NRZA,ACLKl, <Y8-0>
MPERBUS=IN1,NRZA,ACLK1,0UTl,ILl,VTl,DRENRZ,DREl,<FIXL>
MDBUS=IN1,NRZA,ACLK1,0UTl,ILl,VTl,DRENRZ,DREl,<FIXL>
UlBUS=IN1,NRZA,ACLK1,0UTl,STRB4,ILl,VTl,DRENRZ,DREI,MATCH,<D0-7>
U2BUS=IN1,NRZA,ACLKl,OUTl,STRB4,ILl,VTl,DRENRZ,DREl,MATCH,<D0~7>
U3BUS=IN1,NRZA,ACLKl,OUTl,STRB4,ILl,VTl,DRENRZ,DREI,MATCH,<D0-7>
U4BUS=IN1,NRZA,ACLK1,0UTl,STRB4,ILl,VTl,DRENRZ,DREl,MATCH,<D0-7>
USBUS=IN1,NRZA,ACLK1,0UTl,STRB4,ILl,VTl,DRENRZ,DREl,MATCH,<D0—7>
UGBUS=IN1,NRZA,ACLK1,0UTl,STRB4,ILl,VTl,DRENRZ,DREl,MATCH,<D0-7>
U7BUS=IN1,NRZA,ACLK1,0UTl,STRB4,ILl,VTl,DRENRZ,DREl,MATCH,<D0-7>
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CTLPINS=IN1,NRZA,ACLK1l
WEIN=IN1, /RZZ,BCLK1,CCLK1

TEST TNUM

SELECT LPAT MATCH INHIBIT

MEAS LPAT WRNEWI

IF PASS THEN RESULT=1.0
ELSE RESULT=0.0

GOSUB OUTPUT '

TNUM=TNUM+1

IF RESULT = 0.0 THEN ENTRY
GOSUB DIAGEW
EXIT

;***************************************

;¥ READ INVERSE CHECKERBOARD *

;***************************************

;****************************************

Hd READ INVERSE DATA *

;****************************************

RESET AFM MEMORY
RESET DFM MEMORY
DFM MODE FAIL
DFM FCNT=2000

XABUS=IN1,NRZA,6ACLKl, <X7-0>
YABUS=IN1,NRZA,ACLK1l, <¥8-0>
CTLPINS=IN1,NRZA,6 ACLK1
WEIN=IN1, /RZZ,BCLK1, CCLK1l

TSYM="RDNEWI" —
VS1l=5.0V

TCOND="EP4-1"
MPERBUS=IN1,NRZA,ACLK1l,OUT1, IL1,VT1, DRENRZ, DRE1, <FIXL>
MDBUS=IN1,NR2A,ACLK1l,0UT1, IL1,VT1l,DRENRZ,DRE]l, <FIXL>
U1BUS=IN1,NRZA,ACLK1l,OUT1,STRB4, IL1,VT1l,DRENRZ, DRE1, MATCH, <D0O-7>
U2BUS=IN1,NRZA,ACLK1,OUT1, STRB4, IL1l,VT1,DRENRZ, DRE1, MATCH, <D0O~-7>
U3BUS=IN1,NRZA,ACLK1,0OUT1, STRB4, IL1,VT1,DRENRZ,DRE1, MATCH, <D0O-7>
U4BUS=IN1,NRZA,ACLK1,OUT1, STRB4, IL1,VT1,DRENRZ,DRE1, MATCH, <D0-7>
SELECT LPAT INHIBIT
TEST TNUM
WAIT TIME 150MS
MEAS LPAT RDNEWI
IF PASS THEN RESULT=1.0

ELSE RESULT=0.0
GOSUB OUTPUT
TNUM=TNUM+1

READ DFM FCNT TO FCOUNT
IF FCOUNT > 0 THEN ENTRY

GOSUB DIAGEA
EXIT

RESET AFM MEMORY
RESET DFM MEMORY
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; EPROM7-5 MSB -> LSB

AFM CHANNEL=15,55,18,58,21,61,24,64,@
54,17,57,20,60,23,63,26,@
16,56,19,59,22,62,25,65

TCOND="EP7-5" -
MPERBUS=IN1,NRZA,ACLK1,0UT1, IL1,VT1,DRENRZ, DREL, <FIXL>
MDBUS=IN1,NRZA,ACLK1,0UT1, IL1,VT1,DRENRZ, DREL, <FIXL>
USBUS=IN1,NRZA,ACLKl,OUTl,STRB4,ILl,VTl,DRENRZ,DREl,MATCH,<D0-7>
UGBUS=IN1,NRZA,ACLKl,OUTl,STRB4,ILl,VTl,DRENRZ,DREI,MATCH,<D0-7>
U7BUS=IN1,NRZA,ACLKl,OUTl,STRB4,ILl,VTl,DRENRZ,DREl,MATCH,<D0—7>
TEST TNUM
WAIT TIME 150MS
MEAS LPAT RDNEWI
SELECT LPAT NORMAL
IF PASS THEN RESULT=1.0

ELSE RESULT=0.0
GOSUB OUTPUT
TNUM=TNUM+1

READ DFM FCNT TO FCOUNT
IF FCOUNT > 0 THEN ENTRY

GOSUB DIAGEB
EXIT

RESET AFM MEMORY
RESET DFM MEMORY

I-********************************

i * ERASE *
pREAEREERIEI AR ARk AR KRR I Ak ko kK

TSYM="ERASE3" .
TCOND="EPROMS" -

VSl1l=12.0V

XABUS=IN1,NRZA, ACLKl, <FIXL>

YABUS=IN1,NRZA,ACLKl, <FIXL> .
MPERBUS=IN1,NRZA,ACLK1,0UTl,STRBl,ILl,VTl,DRENRZ,DREl,<FIXL>
MDBUS=IN1,NRZA,ACLK1,0UTl,STRBl,ILl,VTl,DRENRZ,DREl,<FIXL>
CTLPINS=IN1,NRZA, ACLK1l ’ .

WEIN=IN1, /RZZ,BCLK1l, CCLK1
POLPINS=IN1,NRZA,ACLKl,OUTl,STRB4,ILl,VTl,DRENRZ,DREl,MATCH,<FIXL>

TEST TNUM

MEAS LPAT ERASE

IF PASS THEN RESULT=1.0
ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1

TSYM="VERIFY2"
TCOND="EPROM1"

VS1=5.0V

XABUS=IN1,NRZA,ACLK1, <X7-0>
YABUS=IN1,NRZA,ACLKl, <Y8-0>
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MPERBUS=IN1,NRZA,ACLK1,0UT1, IL1,VT1,DRENRZ, DRE1, <FIXL>
MDBUS=IN1,NRZA,ACLK1,0UT1, IL1,VT1l,DRENRZ,DREL, <FIXL>
UlBUS=IN1,NRZA,6 ACLK1l,OUT1, STRB1, IL1,VT1,DRENRZ,DRE1l, <D0-7>
CTLPINS=IN1,NRZA,ACLK1l

WEIN=IN1, /RZZ,BCLK1, CCLK1l

TEST TNUM

MEAS LPAT VERIFY

IF PASS THEN RESULT=1.0
ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1

TCOND="EPROM2"
MPERBUS=IN1,NRZA,ACLK1,0UT1, IL1,VT1l, DRENRZ,DRE]1, <FIXL>
MDBUS=IN1,NRZA,ACLK1,0UT1, IL1l, VT1,DRENRZ, DRELl, <FIXL>
U2BUS=IN1,NRZA,ACLK1,0UT1, STRB1, IL1,VT1l,DRENRZ,DRE1, <D0-7>
TEST TNUM
MEAS LPAT VERIFY
IF PASS THEN RESULT=1.0

ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1

TCOND="EPRCM3"
MPERBUS=IN1,NRZA,ACLK1,OUT1, IL1,VT1,DRENRZ, DRE]l, <FIXL>
MDBUS=IN1,NRZA,ACLK1,0UT1, IL1,VT1,DRENRZ,DRE1, <FIXL>
U3BUS=IN1,NR2ZA,ACLK1,0UT1, STRB1, IL1,VT1l,DRENRZ,DRE1, <D0O-7>
TEST TNUM
MEAS LPAT VERIFY
IF PASS THEN RESULT=1.0

ELSE RESULT=0.0 -~

GOSUB OUTPUT
TNUM=TNUM+1

TCOND="EPROM4 "
MPERBUS=IN1,NRZA,ACLK1,0UT1, IL1,VT1, DRENRZ, DRE1, <FIXL>
MDBUS=IN1,NR2ZA,ACLK1,0UT1, IL1l,VT1,DRENRZ,DREL, <FIXL>
U4BUS=IN1,NRZA,ACLK1,0UT1,STRR1, IL1,VT1,DRENRZ, DRE1, <D0-7>
TEST TNUM
MEAS LPAT VERIFY
IF PASS THEN RESULT=1.0

ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1

TCOND="EPROMS" :
MPERBUS=IN1,NRZA,ACLK1,0UT1,IL1,VT1l,DRENRZ, DRELl, <FIXL>
MDBUS=IN1,NRZA,ACLK1,OUT1, IL1,VT1,DRENRZ, DRELl, <FIXL>
USBUS=IN1,NRZA,ACLKl,O0UT1,STRB1, IL1,VT1,DRENRZ, DRE1, <D0O-7>
TEST TNUM
MEAS LPAT VERIFY
IF PASS THEN RESULT=1.0

ELSE RESULT=0.0

GOSUB OUTPUT
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TNUM=TNUM+1

TCOND="EPROM6&"
MPERBUS=IN1,NRZA,ACLK1l,0UT1, IL1,VT1l,DRENRZ,DREL, <FIXL>
MDBUS=IN1,NRZA,ACLK1,0UT1, IL1,VT1l, DRENRZ,DREL, <FIXL>
U6BUS=IN1,NRZA,ACLK1l,QUT1, STRB1, IL1,VT1, DRENRZ, DRE1, <D0-7>
TEST TNUM
MEAS LPAT VERIFY
IF PASS THEN RESULT=1.0

ELSE RESULT=0.0

GOSUB OUTPUT
TNUM=TNUM+1

TCOND="EPRCOM7"
MPERBUS=IN1,NRZA,ACLK1,OUT1, IL1,VT1, DRENRZ, DRE]L, <FIXL>
MDBUS=IN1,NRZA,ACLK1,OUT1, IL1,VT1,DRENRZ, DRE1l, <FIXL>
U7BUS=IN1,NRZA,ACLK1,0UT1, STRB1,ILL,VT1l,DRENRZ,DREL1, <D0-7>
TEST TNUM
MEAS LPAT VERIFY
IF PASS THEN RESULT=1.0

ELSE RESULT=0.0

GOSUB OUTPUT

TNUM=TNUM+1

GOfO CONTINUE

; EH R R R R R S R R R R R R

; WRITE TEST RESULT ROUTINE

;###########################################ﬁ#################################
OUTPUT:

TCOND=ASCII (TCOND, 2,8)
TSYM=ASCII (TSYM, 2, 8)

LIMCOND=0 ;INITIALIZE FOR BOTH MAX & MIN LIMITS
PF="PASS " ;ASSUME INNOCENT UNTIL PROVEN GUILTY
OMIN=MINLIM ;INITIALIZE MIN LIMIT OUTPUT VARIABLE

OMAX=MAXLIM ;INITIALIZE MAX LIMIT OUTPUT VARIABLE

MINTYP=CODE (MINLIM)
MAXTYP=CODE (MAXLIM)

IF MINTYP=2 AND MAXTYP<>2 THEN LIMCOND=1;NO MINIMUM LIMIT
IF MAXTYP=2 AND MINTYP<>2 THEN LIMCOND=2;NO MAXIMUM LIMIT
IF MAXTYP=2 AND MINTYP=2 THEN LIMCOND=3 ;NEITHER MAX LIMIT OR MIN LIMIT

IF LIMCOND=0 THEN ENTRY ; JUDGE BOTH LIMITS
IF RESULT<MINLIM OR RESULT>MAXLIM THEN PF="FAIL ***"
EXIT

IF LIMCOND=1 THEN ENTRY ;JUDGE ONLY MAXIMUM LIMIT
OMIN="NONE "
IF RESULT>MAXLIM THEN PF="FAIL #***"
EXIT -

IF LIMCOND=2 THEN ENTRY ;JUDGE ONLY MINIMOUM LIMIT
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OMAX="NONE "
IF RESULT<MINLIM THEN PF="FAIL ***"
EXIT

IF LIMCOND=3 THEN ENTRY ;TEST IS FUNCTIONAL, NO JUDGE LIMITS
OMAX="NONE n )

OMIN="NONE " 4

IF RESULT<0.5 THEN PF="FAIL **+"

EXIT

IF PF(1,1)="F" THEN ENTRY
FCNT=FCNT+1 ; GET TRACK OF THE TOTAL NUMBER OF
;SET SOUND 6 ; FAILURES
;WAIT TIME 500MS
;RESET SOUND
EXIT

IF FK=.1 THEN ENTRY
WRITE [1,2(6,0)] TNUM," "
WRITE [1,4(8,0)] TSYM," "
WRITE [1,4(8,0)] TCOND," "
WRITE ({1,2(11,3)] OMAX," "
WRITE ([1,2(11,3)] OMIN," "
RCODE=CODE (RESULT)
IF RCODE=2 THEN WRITE [1,2(8,3)] RESULT," "
ELSE WRITE (1,2(11,3)] RESULT," "
WRITE [1,2(9,3)] PF,/
EXIT

GOTO CONTINUE

; BRI R R R

H ‘WRITE FOOTER ROUTINE —

;#############################################################################
DOFOOT: :

; INDICATE FAILURE SUSPECTS

DO FOOT1 I=1,92
IF SUSP(I)=1 THEN ENTRY
WRITE {[1] "POSSIBLE PROBLEM WITH PIN ", I /
EXIT ’ :
FOOT1:

READ CNT99 TO SERNUM

IF FCNT=0 THEN ENTRY
WRITE [1] / "SERIAL NUMBER ", SERNUM, "PASSES" /
RESET RESULT 3

EXIT

ELSE ENTRY
WRITE [1] / "SERIAL NUMBER ",SERNUM, "** FAILS **" /
SET RESULT 3

EXIT

GOTO CONTINUE
;#############################################################################

1

; WRITE HEADER ROUTINE

F16



Appendix F — PMM Test Program

;#############################################################################
DOHEAD : .

STRING XTIME(17)

IF FK=.1 THEN ENTRY
WRITE ?<14>?

WRITE [1] "DATASET: " DATASET /
WRITE [1] "PART NUMBER: " PRTNMBR /
XTIME=GDAY (1)

WRITE [1] "DATE: " XTIME /

READ CNT99 TO SERNUM

WRITE [1] "SERIAL NO.: " SERNUM //

WRITE (1] " TEST SYM COND MAXIMUM MINIMUM RESULT

WRITE [1] "-----= =-===-=== ======= ===--====== <—o----—===-  cooosoosoos
EXIT

; CLEAR THE ARRAY OF SUSPECT PINS

DO HEAD1 I=1,92
SUSP(I)=0
HEAD1:

GOTO CONTINUE

;#############################################################################

7

H INITIALIZATION ROUTINE

;#############################################################################
DOINIT:

RESET DISPLAY
WRITE [1] ?<14>7?

WRITE (1] // "DATASET: " DATASET /

WRITE (1] "PART NUMBER: " PRTNMER /

WRITE [1] "AUTHOR : " PRGMER /

WRITE [1] "RELEASE DATE: " RELDATE /

WRITE [1] "REQUIREMENTS: " REQS /

WRITE [1,5(4)] "LOAD BOARD: * BRDID //

WRITE [1] "NOTE: DATA LOGGING IS CONTROLLED BY FUNCTION KEY #1. DATA LoGg" /
WRITE [1] " DESTINATION IS SET USING THE 'S' CONTROLLER COMMAND." //
INIT1:

WRITE [1] "PRESS <S> TO STOP",/

INPUT ([1,4(0)] " <C> TO CONTINUE ",C,/

IF C="S" THEN STOP
ELSE IF C<>"C" THEN GOTO INIT1

READ PBID TO I

IF I<>BRDID THEN ENTRY
WRITE [1] / "WRONG PERFORMANCE BOARD!" /
WRITE [1,5(4)] "BOARD ID NUMBER: - " I /
WRITE [1,5(4)] "SHOULD BE: " BRDID //




Appendix F — PMM Test Program

STOP
EXIT

GO TO CONTINUE

P S R R R R R S R R R R R S R

’

H SRAM DIAGNOSTIC ROUTINE (FOR SRAM1-4)

;#############################################################################
DIAGSA:
GOSUB DIAGM

READ FUNC1(EP4321) TO FNDATA
WRITE (1,5],"FUNC1(SR4321) ", FNDATA,/
GO TO CONTINUE

FREBHHHHHE R R R R R R R R R R R R R R

'

H SRAM DIAGNOSTIC ROUTINE (FOR SRAMS-7)

;#############################################################################
DIAGSB:
GOSUB DIAGM

READ FUNC1(EP765) TO FNDATA
WRITE (1,5],"FUNC1(SR765) ",FNDATA,/
GO TO CONTINUE

P HEHEH B HE R R R R A R R R R R R R e

l

; EPROM DIAGNOSTIC ROUTINE (FOR EPROM1-4)

;#############################################################################
DIAGEA:
GOSUB DIAGM

READ FUNC1(EP4321) TO FNDATA
WRITE (1,5],"FUNC1(EP4321) ",FNDATA,/
GOTO CONTINUE

PESHEHH R R R R

I

H EPROM DIAGNOSTIC ROUTINE (FOR EPROMS-7)

;#############################################################################
DIAGEB:
GOSUB DIAGM

READ FUNC1 (EP765) TO FNDATA
WRITE [1,5],"FUNC1(EP765) ",FNDATA,/
GOTO CONTINUE

; BRI

4

H SUBROUTINE TO READ & DISPLAY DFM / AFM MEMORY
;#############################################################################

DIAGM:
WRITE [1,5],"FCNT= ", FCOUNT,/

F18



Appendix F — PMM Test Program

READ DFM PCNT TO PCOUNT
WRITE [1,S],"PCNT= ",PCOUNT,/

READ DFM STATUS TO STATUS
WRITE [1,5],"STATUS= ",STATUS,/

READ DFM DFMA TO DFMADD
WRITE [1,5],"DFMA= " ,DFMADD,/

DO RDX I=0,19
READ DFM X(I) TO DFMX
READ DFM Y(I) TO DFMY
FADDR = (DFMY*#100) +DFMX
READ AFM FT(FADDR) TO AFMMEM
WRITE ([1,5]},"FADDR: ",FADDR," AFMMEM: ", AFMMEM

FHIGH SR (FADDR, 16)

FMIDD = SR(FADDR,8)

EXPDATA = (FHIGH+FMIDD+FADDR) .AND.#FF

INVDATA = (.NOT.EXPDATA) .AND.#FF )
WRITE [1,5(2)] " EXPDATA: ",EXPDATA," INVDATA: ", INVDATA,/

RDX:

GOTO CONTINUE
P RS H R R R R R R R R R R R R R

’

’

EPROM WRITE DIAGNOSTIC ROUTINE (FOR EPROM4-1)

;#############################################################################

DIAGEW:

WRITE "DIAGNOSTIC OUTPUT FOR EPROMS 4-1 ONLY.",/
READ DFM FCNT TO FCOUNT
WRITE [1,5],"FCNT= ", FCOUNT, /

READ DFM PCNT TO PCOUNT
WRITE [1,5],"PCNT= ",PCOUNT,/

READ DFM STATUS TO STATUS
WRITE [1,5],"STATUS= ",STATUS,/

READ DFM DFMA TO DFMADD
WRITE [1,5],"DFMA= ",DFMADD,/
LOOPER = MOD (DFMADD/2048) -1 ;COMPUTE LAST DFM ADDRESS WRITTEN

DO RDTOFQ0 I=LOOPER-2,LOOPER

READ DFM TOFL(I) TO TOFAIL

READ DFM PFPC1l(I) TO STEADD

READ DFM TPD(I) TO DFMTED

WRITE [1,5],"TOFL",I," ",TOFAIL," PFPClL ",STEADD," TPD ",DFMTPD,
RDTOFO:

DO RDXY0 I=LOOPER-2,LOOPER

READ DFM Y(I) TO DFMY

READ DFM X(I)} TO DFMX

WRITE (1,5},"ADDR",I," Y ",DFMY," X ", DFMX,/
RDXYO0:

DO RDAFMO I=0,1




Appendix F — PMM Test Program

READ AFM FT(1) TO AFMMEM
WRITE [l,5],"AFM",I,AFMMEMf/
RDAFMO :

READ FUNC1 (EP4321) TO FNDATA
WRITE [1,5],"FUNC1(EP4321) ",FNDATA,/

GOTO CONTINUE

;************************************************

.
!

PREPARE DFM & AFM (DEVICES 4-1 ONLY)

*

;************************************************

DFMAFM:

.
’

RESET DFM ALL

DFM MODE=ALL

DFM FCNT=0 ; LET DFM RUN TO END

RESET AFM ALL

AFM RATE=HS

AFM Channels are Pn

EPROM4-1 MSB -> LSB

AFM CHANNEL=27,29,31,33,35,37,51,49@
66,68,70,72,74,76,89,87@
28,30,32,34,36,38,50,48@
67,69,71,73,75,77,88,86

AFM ACTION=FT>FMX

AFM Addresses are LSB->MSB

AFM ADDRESS=X0-7,Y0-8

GOTO CONTINUE

END
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Appendix G — Test Data Sheets, PMM Conducted Susceptibility Testing

Test Article: p)\/‘\ WAN v Dae: I / |7 / P
Test Engineer: Qonz, _‘t £ nic IS = Page: ] of 2
Test Technician: Motheeo MM Ues

Test Observer: ’

Test Setup Photographs: _ TestPart#

Test Sequence #

‘M <w‘(:ér<ﬂ<¢. +45“’ e Si‘ﬁka\ -

MO 15 (Fram pie 49)

FONTRY
+ 24.53he. O - Pass
t+ 7—-7'5"“)»\ _ pqSS
F 50-5 b ~ Pass
4+ 31-50%»\ “Fa'\\
L GMo

A /b\,SJL)M - pqSS
+22.5dbi - Pass
+ 35.53bw, ~ Fail

(.U G-

NS VLN | Feii
20.3 Jhn  — Far\
1% dhe - Kav)
23 Bdhm - Pxss




- Appendix G — Test Data Sheets, PMM Conducted Susceptibility Testing

~ Test Article: D M A Date: Q// 4 /dfg/
Test Engineer: 'Q rant Bnic k<o Page: 9 off =,
Test Technician: )
Test Observer:
Test Setup Photographs: Test Part #

lu'}'@{—oﬂ QU e T(b“" sie MPEA3
(Test Fixture Li . 2)

| &l -
F20.57 3oy M~ LPamsy
+ 215 db — Pa=s
F235 dbw ~Pass
r 24.5 dhim ~ Fai]
.2 GNz
+2%.5 e —Farl =
255 e - Fa
rod.5Abna - pass
1.4 G
+213 dhe - Fall
263 dbn ~ Pas=
1.5 & N-L
+’50Y13]9M -~ Oa\\ <
+ %'-S—JBPK “P‘\ﬁ
A ’Sz.vSAbM - FC(' ‘

G2

Test Sequence #

—————



Appendix G — Test Data Sheets, PMM Conducted Susceptibility Testing

Test Article: p M N\ Date: q/}‘( /cf d
Test Engineer: Covat Ericlcsom Page: % of =3
Test Technician: M e M Ues
Test Observer:
Test Setup Photographs: Test Part #

Test Sequence #

\M\‘Q‘gdcv\c_c T;S-‘—- on S‘/A‘y\m\
68 Prmr PxoUAQ
NQ ' ( QOM*MMUX

V-b G W<
3.9 c\\om - Pass
24, U dlgmt - Pas>
}L»q c“a”\ -~ p«s;
27.4 dban ~ Feai |
L€ (N

29-b Ibu - Pecss a
(Cvu\d l/\a‘\’ ;V\JM(_'L qu\\«h&}

2.0 Gy

A Aoy — Pass
(CDM‘Q no‘“ 7.P\§Mg&, ‘rtzéf’un&)




Appendix G — Test Data Sheets, PMM Conducted Susceptibility Testing

Test Article: p M M Date: g /Z X {éz
Test Engineer: Page: | 0 L

S-S
Test Technician: Mot can Ao~
Test Observer:
Test Setup Photographs: Test Part #

Test Sequence #

A ?%“““““ S
BANG “llllll“m""“" pifiiliL
% 'lmmm|Hmﬂﬂlmml

e

p,

Tttt eranc +<:s+ ol MPER IS
(’l’o"}‘ F;)('L'rb Lﬁ/\&. ’L) |

1 OO MK~ )
+177.3 dbne 0w Pas3
+ )%"’5 ‘F«s‘;‘

100 MU+

+17-3 )h“‘ Pass
+ ’X:f;)lph& ‘Fa\')

G4



Appendix G — Test Data Sheets, PMM Conducted Susceptibility Testing

Test Article: P M Date: 4/1 x/ax
Test Engineer: syt Ericlkcan Page: 2 of |,
Test Technician:
Test Observer:
Test Setu;i Photographs: Test Part #
. S ce #

MPER 13 | P\+<r‘r ercnc < Test (Q"W\- ) st Sequen -
SO60 MW

4+ 16.¥ dbne QL0 = Pass

+18-8 dbr ¢ =fass

+—!C7-Yc$bw\ ~ Retv)

LOO MH-

+ 15—'1Qﬂém - pass
*lt*lcbbw\ - Pass
x—l’f~2)km _ :a;-‘ -

700 MK 5

+ L]-‘-I &wa - pc-ss
+2.5.4 dbie — %:ss
F24y.4 A — g
L 2S.ddbm - Feail

K00 MU,
+-]5’BJLM - p«SS
F24-7 dbrm - Pas

F2.5.7 J)gm - T ,




Appendix G — Test Data Sheets, PMM Conducted Susceptibility Testing

Test Article: p (4% W A% Date: Q/2$ /q B
Test Engineer: Crant Erie bsc Page: = of (.
Test Technician: '
Test Observer:
Test Setup Photographs: Test Part #

- ‘ Test Sequence #
MPEAR )h+<r~ Forcuca TQ*:} CQD ‘*'\")
qoo M

N
+ \’5-7_})“:« -ass
¥22.7 dbsmt ~Fanl
s 2. dbn  —Rss
p22-7db - Pos

.0 GUH=
425.0 éku« - pcu)
F2L. 0 dbun = Funrd
1285 S Ibrt = Oass
£ 26-5 dbie  ~Fail

-2 Gla
420, 5dbim ~ Fail
41734‘\5"“ - Fd'\\
474, S‘JL)“'\ - F‘\\\
+2.3.5 Abra = Pass
+149.5 dba = Pass
'_13.5)))'\« - Fan)

G6



Appendix G — Test Data Sheets, PMM Conducted Susceptibility Testing

Test Article: P MNA Date: G /28 /‘f ¥
Test Engineer: Corant Bric lesow Page: U of [
Test Technician: . '
Test Observer:
Test Setup Photographs: Test Part #
MPER NS I Farenca o b (cond) |Tossemmens™
) 4 &SGH = |

4203 dbm = [ass

+ 23 % ~ Pass

+ 206 X - Pxys

+ 350-8 ~Fa’i\

r 2%-X ~Ray |

F 27-F b ~Pass
\ ’ La G-u a

294 e~ Pass

+ 324 - Pass i

+ 36.4 - Pass

+ 7.4 ~Fas)
-8 GH=

4274 dhe ~ Pash

U404 dhm — Pass

+~ Y3y - Fay) | i

+ gLy ~ Far'\

+ yo.4 - Pasy




Appendix G — Test Data Sheets, PMM Conducted Susceptibility Testing

EMEAP Susceptibility

Test Article: D M A

Test Engineer: Corant 1Sni\son

Test Technician:

" Test Observer:

Date: q/’;{ /qg/

Page: < of ' o

Test Setup Photographs:

\\«\’(r*?q_,\w\& T(_J\_ oL M pf R
(To Fivh re lie2) 2cMe

420 dbm (L)) Pass

-\—33»&\0"’\ Lw Nas > +1 dlam pﬂls)
+40dbwa (ow) ¥ass

;i—n+@(‘$t’t‘cr\(e Tes‘-— on m‘og&'}

(Test Fixduce Line2) 3GH2
+20 B (1watt) Pags
F 3348 ((qu“\-* Poéss

m( Qwa 0SS
‘\—33:3‘[2% ( 3wah) fass
o odBm (R0W) fass
+G£d8 m (&V‘J} fass

et Fixture Lined 2,5 ¢Hz

+30d8m Clw') Cocce
132d8m (2W) fass
+36d8m (4v) fass

+3%d8a~ ) fass
4 qlakgm(lbw\

G8

Test Part #

Test Sequence #



Appendix G — Test Data Sheets, PMM Conducted Susceptibility Testing

EMEAP Susceptibility

Test Article: p ™ Y

Test Engineer: (%, joei + e lesmen

Test Technician:

Test Observer:

pae: G/2g /A

Page: (4, of |

Test Setup Photographs:

W.0 el 3.0 Nz
“"SOABM PGSS “"50413”’\ Pass
1—‘57:&5“« P> tUodbm Pas>

. L‘Qo‘hm Pass
:q LI bne Pass

(-0 Gl=

4—170me Perss
suodbm  Dass

1.0 &N
+ 30 me Pas}
L Uo dow  Pass

Test Part #

Test Sequence #




N1
N1

- = Hw

——] N e ——
—~—— ] w —_— oo
[TRT) (&R &)
D = | o B il
0-0 [om W]

a—
\\.\I\\\* ~ S ‘\\ <] IR
I N B

]
\
/\
|
|
V!
|

NN

FREQ
FREQ

NN A

AANIAND

|
WA ‘\{ﬁ

500.0 MHz
500.0 MHz

Appendix H —Diplexer Signal Combiner S21 Performance

{prros) (1gs’ "1 [sdus)qp 0°06- 10°0 (pT108) (1zs‘*¢ (sdue)qp
(pausep) (yzs- g 1sdwR)qp 0°06- z“.e (peusep) (1zs’ -y [sduR)qp




Appendix H -Diplexer Signal Combiner S21 Performance

db(empsl_6..521) (dashed)

RV IR
A
I

AT v :
i
i! A N1

db(empsl_5..521) (solid)
—//——:_—5).
‘Q—i\
L —
;\%\_\

22 |
a 500.0 MHz F;I;IQ ' 20.5 GHzI
500.0 MHz FREQ 20.5 GHzN
= MHaAL AR,
A .,
iz i \"\\.
L \
33 \\
O
84 \‘ /\ \/ |
i
3 f

500.0 MHz FREQ 20.5 GHzI
500.0 MHz FREQ 20.5 GHzN
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= I N
%3 \\A /
::I:-I \V“‘ /f\‘
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I\ \W/\VN ,
I
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8% | \\
=5 !
22 |\ M b
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2a J \/
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Appendix J: Manufacturer’s Specifications of Wide-band Amplifiers




h DBS Microwave inc.

FINAL TEST DATA
AMPLIFIER MODEL
PPT~/84 /6
- S/N: OQ /
FREQUENCY GAIN NOISE r-10B VSWR .°
RESPONSE FIGURE 50 OIMS
(GHLZ) (DB) (DB) (DBM) IN ouT
¢ 220 | 5.7 |80 [4/7 | )94
7 378l g2 |30/ |26 15T
(2 1349 | £9 |30¢ |LSF | 100
/5 34,8159 |F03 | L52) L
g 1379 | £.0 | 309 | 15| LI
:11 /-2 — $30.3 [T e
M B/ AR B 159 | L83
sa/df L so 1 #30 | Qg 1200
Supply Voltage __ #/5 _V

Current_ 2440 Spec. _2 5297 '[’ ‘9/

*All measurcments taken at +25 C mlles's otherwise stated. c"”""&,
4

: & nccet B
Technician %W Q.A. o
ate_57/5 4] | Date___BL6/T7

4805 Golden Foothill-Parkway * El Dorado Hills, CA 95762 « 916-939-7545 Fax 916-939-7540

J2



DBS Microwave Inc.
't : FINAL TEST DATA

AMPLIFIER MODEL
P
APT= 1844
LSIN: 02—
FREQUENCY GAIN NOISE P-1bB VSWR .-
RESPONSE FIGURE 50 OHMS
(GIIZ) (DB) (DB) (bBM) IN ouT

¢ el g4 L 3te | (15 | 15Y
7 280 | fls 13l )32 o7
2 |y | (% 306 | Mbo | L7
/5 | 290 |59 |34 1427 | J30
/€ 1369 | 44 307 | 432t 137

MIN.

MAX 27 /7 ________ F20. |7 | e
B T 177 1163
SPEC. 3,2/5/5/ /0 £30 | Qv | 24

Supply Voltage fé v

Currcﬁl ) '719 4§ m3 SI’“»M% A,

* All measurcmients taken at +25 C unless otherwise stated. G

. o L% o)
Technician %/ W Q.A. %%&sﬂj

Date 5~ /f—f,7 Date 5//5/;7 1

4805 Golden Foothill-Parkway « El Dorado Hills, CA 95762 * 916-939-7545 Fax 916-939-7540

3



DBS Microwave Inc.

FINAL TEST DATA
AMPLIFIER MODEL

DRP 0206 NS33

S/N: 012
FREQUENCY GAIN NOISE P-1DB VSWR .-
RESPONSE FIGURE ) 50 OUMS
(GUZ) (bB) (DDB) (DBM) IN [ oQuT
20 349 6.6 331 19 2.1
30 352 6.4 13.7 L 20
4.0 345 3 340 L1 1.3
50 33.0 6.3 132 12 16
6.0 32.8 &2 3.0 /3 13
MIN. | |
. 32.8 330 | TTTmm | TmmmmmmT
MAX. .
357 XS B 1.9 2./
SPEC. '
30-38 7.0 33.0 2.2 22
Supply Vollsfge oV

Current /998 nA Spee. 2000 nA

* All measurcments taken at +25 C unless otherwise stated.

Technician ___T>. /%f-_ Q.A.
Date é-1-97 Date Lb/l(,/47

4805 Golden Foothill Parkway ¢ El Dorado Hills, CA 95762 » 916-939-7545 Fax 916-939-7540

J4



20 359 6,2 333 2.0 2.0

(GUIZ) (DB) (DB) (DBM) iN our
3.0 36.4 59 133 Ly 2.0

4.0 350 5.2 34.0 L2 L3

50 398 6.0 Ne |47 7

6.0 358 S5.9 34.0 2.0 b

MIN.

393 . 333

MAX. .
36.4 6.2 (T 2.0 2.0

- 30-38 7.0 33.0 2.2 22

SPEC.

Supply Vol(nge 5V
Current 1999 nh Spee. __2000 nA

£ All measurements taken at +25 C unless otherwise stated.

DBS Microwave Inc.
FINAL TEST DATA -
AMPLIFIER MODEL
DRP p206 NS33
. o S/N: QL3 | o
_ FREQUENCY GAIN NOISE r-1bB VSWR .-
RESPONSE FIGURE 50 OHUMS
|
|

Techulcian > //IZ I Q.A.

Date _¢-9-92 Date

|
; 4805 Golden Foothill Parkway * El Dorado Hills, CA 95762 ¢ 916-939-7545 Fax 916-939-7540




CERNEX, Inc.

Solid State Amplifier Test Data Sheet

Customer: Temperature: +25° C
Serial #: AIA6C Model # CPA02063230
Specifications Measured data
[Frequency (GHz) 2-6 2 4 6
SS Gain (db) (min) 32 AAD A5 AL 8
Gain Flatness (db) (max) +/-4.75 +- 1. dB
P1db (dbm) (min) 30 30.9 23,3 20.%
Noise Figure ( {db) (max) 5.5 <55 | ¢55 |<55
Input VSWR (max) 2:01 2.4 1
Output VSWR (max) 2:01 {15 1
DC Power 15v

@1100mA V00O mA

Tested by: DA Date: 6[ 5 ! q7
Y, A
Q.A: Date: 'jUN @ 6 T

10925 Stevens Creek Blvd., Suite 126 « Cupertino. CA 95014
Tel. (408) 973-7216 » Fax (408) 252-5189

Jé



CERNEX, Inc.

Solid State Amplifier Test Data Sheet

Customer: Temperature: +25° C

Serial #: 2 32* 1 Model # CPA02063230
Specifications Measured data
"Frequency (GHz) 2-6 2 4 6
,ss Gain (db) (min) 32 43‘ | 42.9 43' 2
(Gain Flatness (db) (max) +/-1.75 +/- 1,20dB

P1db (dbm) (min) 30 340 33,0 30.4
Noise Figure ( (db) (max) 5.5 {5.8 455 | <SS
input VSWR (max) 2:01 2.0 1

Output VSWR (max) 2:01 L\T

DC Power 15V

@1100mA ALY mA

Tested by: I)}: )

Date: 5‘ G‘ q7]

Date:

JUN 06 1997

19925 Stevens Creek Blvd., Suite 126 « Qupertino, CA 95014
Tel. (408) 973-7216 « Fax (408) 252-5189

J7



CERNEX, IncC.

Solid State Amplifier Test Data Sheet

Customer: Temperature: +25° C
Serial #: 23 “g Model # CPA02063230
Specifications Measured data
I[Frequency (GHz) 2-6 2 4 6
“ss Gain (db) (min) 32 A3.2 40.6 AlLS
Gain Flatness (db) (max) +/-1.75 +/- \.d dB
{IP1db (dbm) (min) 30 30.9 33,2 30.3
Noise Figure ( (db) (max) 5.5 45.5 4.5 258
Input VSWR (m/ax) 2:01 20:1
Output VSWR (max) 2:01 20T 1
DC Power 18

@1100mA 10SO maA

Tested by: M

Date: ﬁlﬁ ’ a7
JUN 0 6 1997

Date:

19925 Stevens Creek Blvd., Suite 126 « Qupertino, CA 95014
Tel. (408) 973-7216 « Fax (408) 252-5189

J8



DBS Mlcrowave inc,

" FINALTEST DATA
"AMPLIFIER MODEL

DBP= D102 NEZS
sn__ 007

FREQUENCY GAIN NOISE r-1pB VSWR .
RESPONSE ‘ FIGURE 50 OMS

(GlIZ) (b1) (UB) (DBM) our

5 |46 |31 |382 17
L0 |Y9g 129 |23Y L3
/5 420129 |333 [.3
20 |yayl29 1339 LY

—

NPON PR

MIN. 4/, 7 | ---:-.'.- 33, 2 |--mmmem | o

MAX." qsz 3'/ -------- /,87 /07
SPEC. /”zz i-i 7| 5.5 (33,0 20| 2.2

Supply Vol(ngc ﬁ( :5 A4 |
Culrcnl “212 g/4 Spec. / /00//74/74/(

o All mcnsmcmcnls {aken n( +25C uulcss olllcnvlsc s(nlcd W‘b

o

Dn(n 57/7/47 R " D““‘ 5/201

o’-

‘ 4805 Golden Fool.hxll Pnrkway El Dorado Hllls CA 95762 916 939 7545 Fax 916 939 7540




FINAL TEST DATA

"AMPLIFIER MODEL
DBP-0lp24533
SIN:_OOF
FREQUENCY GAIN NOISE P-1pB YSWR .*
RESPONSE FIGURE 50 QUUMS
(GIIZ) (LB) (D) (DBM) IN ouT
05 1434121 |333]/.2 1.5
L0 |Ys¢|a2d |335| L7 )3
/5 |y35|29 |340 | [T [[3
20 |yyalzp |ayallé | LY
e S5 Il s
MAXT Y 2| B | e 1.5 | L5
G |2 27| 5.5 |330 | 22 | 2R

Supply Vol(ngc i;[:'i \4
Cuncnl // ﬁ/) )774 ‘Spee. /‘/00/”,{#/”4&’.

A All mcnsm cmcnls taken nt +25C mllcss othcrwlsc s(n(c

(43
m....m.,ﬁm

: I)nlc 5/‘7/47

Q.A.
o Dn(c

. \d ) '

| '5)201@

‘ 4805 Golden Foolhlll Parkway * El Dorndo Hllls CA 95762 916 939 7545 'Fax 916-939-7540
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DBS Microwave Ine,

" FINAL TEST DATA

"AMPLIFIER MODEL

DBP-01024533

SIN:__ 007
FREQUENCY GAIN NOISE r-1bB VSWR .-
RESPONSE FIGURE 50 OlMS
(Gl1Z) (L) (VD) (DBM) IN ouT
A5 929132 338 [ 2 | LY
1O | YYnlag |337| /4 | 1.3
L5 1499 120 |39/ | LT |3
2.0 Y3030 134317 | 1Y
A e 35 I il
W gl 7 13,2 | e Lg- | 1Y
S Y0\ 55 |32 | 22 | 2.2

Supply Vol(nge i: / \4
Cuucnl // 70/77/ Spee. WX

a All measur emculs taken at+25C uulcss olllerwise stated. 0

N

(]
‘\d R
S

: l)nlc :

pl

J/Zo]

o Dnle

4805 Golden Foomilx-Parkway Bl Dorado Hills, CA 95762 24916.939-7545 Fax 916.939-7540
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DBS Microwave Inc, -

FINAL TEST DATA

AMPLIFIER MODEL
o DBP-Llo2V 533
s _O1D
FREQUENCY | GAIN | NOISE | P-IDD VSWR .-
RESPONSE FIGURE 50 OLIMS
(Gli2) (DB) (L) (VBM) ouT

05 Y24 132 |33.2| [[2 |22
1.0 lyydlaq |33.7| L6 |13
/5 474130 |342| /8 | L3
20 Y2230 (33917 |3

W 420 | 332 | e
MAX. L/50 3'2 ________ /‘7 : 2'2
st B2 5] 5,5 |33.0 | 22 | 22

Supply Vollnge _+_[ - 5
Cuncnl //A//? I[)L Spec. /4”/”74//4/\’

. AH mcnsm cmcuts (nkeu nt +25C unlcss othcrwlsc slnlcd 0"""'.‘

| ) S ()
chlmlclnn 4 Q.A.

: I)nlc 5/?/77 P . Dnlc 6/20/50_

4805 Golden Foouull Parkway El Dorado Hllls CA 95762 916 939- 7545 Fax 916-939-7540
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MISSION
: OF
AFRL/INFORMATION DIRECTORATE (IF)

The advancement and application of information systems science and
technology for aerospace command and control and its transition to air,
space, and ground systems to meet customer needs in the areas of Global
Awareness, Dynamic Planning and Execution, and Global Information
Exchange is the focus of this AFRL organization. The directorate’s areas
of investigation include a broad spvectrum of inférmation and fusion,
communication, collaborative environment and modeling and simulation,
defensive information warfare, and intelligent information systems

technologies.




